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GUANIDINE-LIKE SUBSTANCES IN THE BLOOD* 
Il. BLoop GUANIDINE IN NITROGEN RETENTION AND HYPERTENSION 
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Pu.D., Wasuinetron, D. C., AND Victor C. Myers, Px.D., D.Sc., 
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AJOR,' in 1925, using Sharpe’s picrie acid method, reported a decreased 
guanidine exeretion in patients with nephritis and hypertension. He 
also noted an increase in the blood pressure when methyl guanidine was in- 
jected into the blood of dogs, and found that the rise was due to a constriction 
f the arterioles. In another paper,? he reported an increase in the guanidine 
excretion in patients with decreasing blood pressure. He further showed® that 
guanidine compounds produced no rise in the blood pressure, if they were 
injected slowly, and in 1926, he demonstrated‘ that hepatie extracts lower the 
hypertension produced by guanidine injection, by dilating the eapillaries. How- 
ever, Greenwald®: * and White,’ in the same year, showed quite conelusively that 
Sharpe’s picrie acid method is valueless for the determination of guanidine 
bases in the urine. Pfiffner and Myers,’ in 1926, using a method whereby the 
vuanidine bases are determined directly on the Folin-Wu blood filtrate by the 
ise of Marston’s color reagent, showed an increase in the blood guanidine of 
patients with hypertension and nephritis. At about the same time Major and 
Weber,” using a similar method with a modified color reagent, found a similar 
inerease in the blood guanidine of patients with hypertension and uremia. 
Later Weber’® described a new method in whieh the guanidine bases were 
xtracted from the blood filtrate by blood charcoal previous to colorimetric 
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estimation. He found that since creatine was extracted alone with the guani 


a correction for the color due to creatine. Usine this method, Major and 
Weber" again noted an increase in the blood guanidine values in hypertension 
and in terminal nephritis. The increased blood guanidine values in hyperten- 
sion were very irregular, did not follow the blood pressure, and were usually 
accompanied by an elevation of the blood urie acid and nouprotein nitrogen. 
A few cases of uremia showed values as high as 2.38 mg. per 100 ¢.¢. of blood. 
Major and Weber also noted that the injection of sufficient guanidine into the 
blood to double the blood @uanidine concentration, caused a marked increase 
in the blood pressure. 

Nakazawa and Abe,’ in 1928, found that injections of methyl guanidine 
into the brain and spinal cord gave results similar to intravenous injections. 
Major and Weber’ further demonstrated that injections of methyl guanidine 
into adrenalectomized animals gave the same rise in blood pressure as with 
normal animals, showing that the effect of guanidine is not due to a stimulation 
of the adrenals. 

In another paper, Major™ reported a study of the guanidine of additional 
cases of hypertension and nitrogen retention, using the charcoal method. He 
again observed a definite hyperguanidinemia in all cases of nitrogen retention. 
The increase in blood guanidine appeared to somewhat parallel the degree of 
azotemia, although he did not mention this point. Over 60 per cent of his 
cases of hypertension showed some increase in the blood guanidine concen- 
tration. It is significant to note that most of the cases of hypertension with 
gvuanidinemia also showed some elevation of the blood urie acid or nonprotein 
nitrogen, indicating a tendeney for renal insufficiency. In an address in 1982, 
the same author’ stated that he had confirmed these findings with 400 additiona! 
Cases. 

In 1930, Pfiffner and Myers'® described a modification of Major and 
Weber’s charcoal method, whereby the creatine correction is eliminated by the 
use of the autoclave. They also showed a possible hyperguanidinemia in a few 
eases of hypertension, but these cases also exhibited a tendency for nitrogen 
retention. The same year Remond and Colombies'’ reported to have found 
no relationship between guanidine and the nonprotein fraction of the blood. 
They found a definite hyperguanidinemia in some of their cases of hypertension, 
and further observed a lowering of the blood guanidine concentration in these 
eases by administering parathormone. De Wesselow and Griffith's and also 
Turries’® reported a similar relationship between hypertension, nitrogen reten 
tion, and blood guanidine. 

Pekelis and Parenti*’-** in several papers (their analytical data are so 
erratic as to really confuse the issue) appear to have shown a hyperguani 
dinemia in most cases of nitrogen retention, although the increase is not pro 
portional to that of the other nitrogenous constituents. Most of their cases of 
essential hypertension showed normal values for blood guanidine. Zappacosta** 
with a new method reports similar findings. 

Mareolongo and coworkers*® *° appear to have found essentially norma! 
blood guanidine values in all their cases of hypertension, but observed a definite 
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hyperguanidinemia in cases of kidney disease with nitrogen retention (somewhat 
paralleling the degree of azotemia). Schlapp and coworkers?* ** published two 
excellent papers based upon their experimental work. They observed that essen 
tial hypertension without any signs of kidney involvement, always shows normal 
values, but that chronic kidney disease with hypertension is always accompanied 
by a definite hyperguanidinemia, regardless of whether nitrogen retention is 
present or not. They found no direct relationship between the degree of 
azotemia and hyperguanidinemia, although in general higher values for urea 
and creatinine were accompanied by a similar increase in guanidine. They 
criticized (and apparently justly) previous investigators for not properly 
classifying their cases, giving this as the explanation for their observing hyper- 
euanidinemia in only part of their cases of hypertension without nitrogen 
retention. 

Summing up the results of previous work, it would seem that the level 
of blood e@uanidine is not related to hypertension per se, but is closely related 


to hypertensive nephropathies, especially when azotemia is present. 
EXPERIMENTAL 


The method employed is a modification of the chareoal extraction procedure, 
in which the necessity for a correction for the color given by creatine is elim- 
inated. Although creatine and creatinine are both slightly converted into 
guanidine bases by charcoal methods, the conversion is quite constant for nor- 
mal blood. In our work, only the correction for the conversion of creatinine 
was applied. Normal values with this method average about 0.24 me. per 
100 «.c., with a range of 0.18 to 0.28 mg. (See Paper | of this series.**) 

Table I gives the results of guanidine determinations on the blood of pa- 
tients with nitrogen retention, the eases being arranged in order of increasing 
euanidine values. The diagnoses of these patients include chronie glomeru- 
lonephritis, nephrosclerosis, polvevstie kidney, mereurie chloride poisoning, pro- 
statie obstruction, and other conditions with renal insufficiency. Even in a 
tabulation of this variety of diseases, the blood guanidine concentration, in 
general, parallels the degree of nitrogen retention, as shown by the values for 
blood urea and creatinine. 

Table Il, presenting the results of the cases where more than one deter 
mination was possible, brings out the parallelism with the nitrogen retention 

iore strikingly. This table also indicates that the rise in the blood guanidine 
s not proportional to the increase in either the blood urea or creatinine alone. 
In Case 4, the urea nitrogen increased from 160 to 207 mg. per 100 ¢.c. while the 
‘reatinine remained constant. At the same time, the blood guanidine increased 
from 1.00 to 1.24 mg. In Case 5, the urea nitrogen remained nearly stationary 
increased only from 60 to 69 mg.), while the creatinine inereased from 8 
to ll mg. At the same time, the blood guanidine concentration increased from 
.81 to 1.10 mg. per 100 ¢.c. In both of these cases, the blood pressures were 
ractically constant throughout. In Cases 1, 2, 3, and 6, the guanidine is shown 
to vary roughly with the changes in the concentration of urea and creatinine, 


e blood pressures again being practically constant. 
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for the conversion of creatinine into guanidines by the charcoal. 


tions are small when compared with the absolute values for the blood guanidine. 
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In Table I the guanidine values are tabulated before and after correcting 
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TABLE I 


Witt NITROGEN RETENTION 
Figures in mg. per 100 e.c.) 


| 
| 


[Gl ANIDINE | ts NIN} BLOOD 
SUGAR DE- CORRECTED |PRESSURI 
| TERMINED | jmm. Hg 
OQ) 0.51 OVS 
26 0.35 0.32 
O35 O52 110/74 
SO O36 O.cbe> 200/140 
0.57 0.50 106/72 
0.37 O00 120/85 
Qs 0.41 OS 1P5/S85 
D2 0.42 O59 296/140 
’ 0.44 O54 P 40/150 
O43 0.40 100/50 
O.4S 0.44 %50/168 
95 0.49 O45 118/92 
0.54 0.51 198/130 
174 0.59 O95] 150/90 
0.62 0.5 PG0/158 
Loe 0.60 O56 190/140 
$40 0.65 0.56 110/78 
0.70 0.59 165/95 
170 0.63 0.60 250/190 
0.83 0.73 L60/S0 
0.86 0.78 152/90 
0.90 0.79 210/150 
170 0.90 0.80 239/150 
100 0.92 OS] 195/148 
1.00 0.94 182/74 
LOS 1.15 0.98 120/70 
1.20 1.00 2?P0/160 
142 1.11 1.01 128/103 
L115 1.02 150/90 
1.10 1.05 
80 1.14 1.0 100/70 
1.17 1.07 
1.25 1.10 190/130 
L355 1.13 220/140 
118 Le 1.15 120/60 
1.35 Lae 
140 1.40 l.12 186/138 
34 1.44 1.24 290/168 
1.49 1.28 
1.59 1.32 140/75 
128 1.57 1.35 260/160 
1.66 1.42 210/140 
1.65 1.43 130/70 
1.72 1.50 | 220/130 
1.88 1.61 | 150/80 
L.80 1.63 240/140 
215 2 00 1.68 210/140 
L119 2.50 2.28 SO/25 
111 3.00 2.65 210/150 
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AND REMARKS 


\cute hepatitis 
Adenoma of the 
pancreas 
Gen. paresis 
Chr. glomeruloneplhritis 
Gen. paresis 
Portal cirrhosis 
Portal cirrhosis 
Nephrosclerosis 
Nephrosclerosis 
Portal cirrhosis 
Nephrosclerosis 
Prostatic obstruction 
(Urea had been high 
Nephrosclerosis 
Diabetes and Chr. 
nephritis 
Chronie nephritis 
Nephrosclerosis 
Diabetes and Chr. 
| nephritis 
lChronie nephritis 
Nephroseclerosis 
Prostatic obst. 
|Polyeystic kidneys 
Glomerulonephritis 
Nephrosclerosis 
Nephrosclerosis 
Glomerulonephritis 
Glomerulonephritis 
Nephrosclerosis , 
Renal T.B. 





|Polyeystic kidneys I 
| Eclampsia and 
| nephritis 

Acute hepatitis with e 


| jaundice 
Eclampsia and 
nephritis ( 
Chronic nephritis 

Chronic nephritis 

Chronie nephritis 

HgCl, poisoning 

Chronic nephritis 

Glomerulonephritis 

Glomerulonephritis 

Glomerulonephritis 

| Nephrosclerosis 

iChronie nephritis 

Glomerulonephritis 

Chronie nephritis 

|Adenoma of prostate 

| Nephrosclerosis 

Chronic nephritis 

|Chronic nephritis 
\Chronie nephritis 





: 
i 
P| 














ANDES ET AL.: GUANIDINE-LIKE SUBSTANCES IN BLOOD II 1213 


Kven in Case 49 (an extremely severe case of nitrogen retention) this correction 


only amounts to about 0.35 me. of methyl guanidine, as compared to the deter- 


mined value ot 3.00 me. corrected value ? 6) me.). A correction for the 
LI 
BLoop GUANIDINE 1 IND DUAL CASI OF NITROGEN RETENTION 
Figures in n per 10 
| AGI | DATI | RI ‘ | UREA | BLOOD | 
CASI AND ~ inset $ CREAT PRESSURI DIAGNOSIS 
QS G N INI NI aT 
y 193] ANIDINI R ase a ana 
1 | 50M 0/9 0.78 1 6 152/90 | Polyeystie kidney 
0/22 1.02 56 S 150/90 
2 33 F 6/12 1.07 12 7 Eelampsia and uremia 
6 15 LO: + 5 
6/22 O95 1] | 
24 F 11/9 O.9S S4 | 120/70 Chronie glomerulo 
11/10 1.15 110 16 120/60 nephritis 
11/20 1.32 IS] 19 140/75 
} 1M 11/11 1.00 LG0 14 PPD /1EI Nephrosclerosis 
11/24 1.24 207 14 29/168 
5) 6 | /30 0.8] 60 8 195/148 | Chronic nephritis 
6/1 1.10 Ou | 190/130 
t M 10/29 0) ) 17 = LPO/S5 Aleohol cirrhosis 
1/27 OS 2) 2 125/80 


creatine conversion should also be applied, but creatine determinations were 
not possible due to the lack of sufficient blood. This correction would be 
smaller than that for creatinine, and would not influence the general value 
of the results presented. 

It can also be seen from the values given in Table I, that in every case 
where the urea nitrogen was above 15 mg. per 100 ¢.¢., the blood guanidine was 
above the normal range. In fact, it would seem that the guanidine in some cases 
is retained before the urea. In decreasing kidney function, it is known that 
uric acid is increased first, urea next, and finally ereatinine (and creatine). It 
may be that a hyperguanidinemia is found in some eases (especially those with 
high blood pressure), before a definite inerease in blood urea. In facet, this is 
entirely in agreement with the work of Schlapp and coworkers.** Certainly, 
in our work an inerease in the blood guanidine concentration was observed in 
every case when the blood urea nitrogen was above 15 mg. per 100 ¢.c. 

It was also observed that when the other nonprotein nitrogen constituents 
f the blood decrease, the guanidine concentration falls more slowly than either 
the creatinine or urea. Consequently, in these cases a relatively normal blood 
irea and creatinine may be present with a high guanidine concentration. This 
s well shown in Case 12. In fact the data presented in Tables I and II point 

» the probability that an increase in blood guanidine, in renal insufficiency, 
s largely due to failure of excretion by the kidney. 

In the series of cases in Table I, there seems to be no direct correlation 
etween the degree of hyperguanidinemia and the blood pressure. Extremely 

igh blood pressures may accompany low guanidine values. Case 48 showed 


blood guanidine concentration of 2.28 mg. with a blood pressure that is 
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below normal. Other high values with normal blood pressures can be seen in 
Cases 31, 35, 40, 48, and 44 (see also Case 3, Table Il). However, it appears 
that cases with high blood pressures are accompanied by a higher guanidine 
value, than those with a normal blood pressure, where the degree of azotemia is 


similar. 
BLOOD GUANIDINE IN HYPERTENSION WITHOUT NITROGEN RETENTION 


In Table II] are presented guanidine determinations on the blood of 12 
cases showing hypertension without nitrogen retention (if one may judge by 
figures for the blood urea). In these cases, the systolic blood pressures range 
from 180 to 275 mm. of mereury. The first 11 cases show guanidine values 


within the normal range, the average value being about 0.23 meg. per 100 @.c. 


of whole blood. This is essentially the same average figure as that given for 


TABLE III 
HYPERTENSION UNCOMPLICATED WIth NITROGEN RETENTION 


Figures in mg. per 100 cc. 


BLOOD 


on = _— Conn PRESSURE DIAGNOSIS 
SEX GUANIDINI NITROGEN 
mm. Hg 
l 54 M O25 S LYS/150 Essential hypertension 
2 61 M 0.26 1] 200/120 Essential hypertension 
3 67 M 0.19 11 196/127 Essential hypertension 
} 54 M 0.28 a) ISO/130 Essential hypertension 
5 51 M 0.24 15 IS6/120 Essential hypertension 
6 70 M 0.21 10 215/140 Cerebral arteriosclerosis with hyper 
tension 
7 55 M 0.23 11 200/150 Hypert. heart disease 
Ss 53 M 0.28 14 190/120 Hypert. heart disease 
0.24 12 210/140 Hypert. heart disease with arterio 
9 3 sclerosis 
10 33 | 0.19 12 178/100 Essential hypertension and pregnanes 
11 35 F 0.19 13 190/135 Essential hypertension 
lz 55 M 0.56 14 275/170 Hypertensive heart disease, arterio 


sclerosis, and hemiplegia 


normal individuals, and indicates no hyperguanidinemia whatever. On_ the 
other hand, Case 12 shows a distinct elevation in the blood guanidine concen 
tration. This case undoubtedly falls in the category of Bohn and Sehlapp’s 
cases** of nephritis that exhibited hyperguanidinemia without azotemia, as au 
topsy revealed a marked sclerosis of the arterioles of the brain and kidney. It 
would seem that in this case, the increase in blood @uanidine was connected with 
the renal pathology, the hyperguanidinemia appearing before any other signs 
of azotemia. 


CONCLUSIONS 


1. Blood guanidine determinations have been carried out on the blood of 
a series of patients exhibiting nitrogen retention, the renal insufficiency arising 
from a variety of kidney disorders. 

2. In these cases, blood guanidine concentration was found to follow, in 
general, the degree of azotemia, as measured by the values for blood urea and 
creatinine. Although the guanidine concentrations did not strictly parallel 
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those for either urea or creatinine, the similarity in variation suggests that 


the concentration of guanidine (like urea, uric acid, and creatinine) depends 


largely upon the degree of renal insufficiency. 


3. No direct relationship was found between the degree of hypertension 


(in kidney diseases) and the blood e@uanidine concentration. 


4. Eleven out of 12 cases of hypertension without nitrogen retention showed 


definitely normal values for blood guanidine. The one case that did show a 


hyperguanidinemia was later shown to be a case of arterioloselerotie Bright’s 


disease. All this strongly points to hyperguanidinemia being closely related 


to the renal pathology itself, rather than to the hypertension that may be 


present. 
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A COMPARATIVE STUDY OF ORAL AND SUBCUTANEOUS 
VACCINATION AGAINST TYPHOID FEVER BASED 
ON AGGLUTINATION TITRATIONS 


Il. D. Moor, M.S., M.D., AND Iba LucinLe Brown, M.S., M.T., 
OKLAHOMA CiTry, OKLA. 


N THE September, 1935, number of the Oklahoma State Medical Journal, we 

published a preliminary report on the oral administration of typhoid vae- 
cine. In this paper, we reviewed the literature dealing with this problem, 
especially the work of Lloyd Arnold,’ Finder and Simons,® Besredka,* 
Garbat,‘ Gauthier,’ Burke and others,* Cluver,* Pirie and Orenstein," Hoff- 
stadt and others,” Pijper and Dau,’ Simons,'* and Tuft and others.’*’ We 
found by this review of the literature that most of the laboratory experiments 
carried out in connection with the study of oral typhoid vaccine have been 
accomplished by using animal subjects. It is true that a great number of 
persons in Africa, South America, and Europe have been given typhoid vae- 
cine orally with a marked reduction in the incidence in those places as re 
ported by the above investigators, but a comparative study of the oral and 
subcutaneous typhoid vaccine was not made. No comparative study has been 
reported to date as far as we have been able to learn except those in which 
animals were used as experimental subjects. 

The results we obtained with the ten individuals reported in our pre- 
liminary study stimulated us to make the investigation we are now reporting. 
We have during the past two years carried out a comparative study of this 
problem, using 187 human subjects. The results of our investigations ean 
best be shown in Tables I to VI and the discussion of each. 

In this experiment, as is shown by Table I, we used 10 persons and gave 
them typhoid vaccine subcutaneously, 3 doses one week apart, 0.5 ¢.e. the 
first dose and 1 whole c.c. for each of the other two. This vaccine was the 
so-called triple typhoid vaccine composed of 1,000 million typhoid bacilli per 


*From the Department of Bacteriology, University of Oklahoma School of Medicine. 
Received for publication, January 8, 1937. 
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ee, and 500 million per ec. each of para typhoid A and B bacilli, suspended 
in saline, heat killed and preserved with merthiolate. The results obtained 
confirm those of other workers, namely, the maximum protection as indicated 
by the concentration of agglutinin antibodies in the blood was reached in the 
fourth week after the completion of the vaccination; therefore, from the begin- 
ning of the vaccination it took six weeks for the individual to reach a peak 
of protection. 

As shown by Table Il, we have 10 other persons to whom the typhoid 
vaccine was given orally. Agelutination titrations were made at weekly in- 
tervals as in the case of the 10 people of Table I. Oral vaecine was given as 


follows: The patient was instructed to report for his vaccine one hour and 


fifteen minutes before eating breakfast. A capsule of bile was given him to 
swallow with a small amount of water. Ile was then instructed to wait 
TABLE III 


ORAL ADMINISTRATION OF TYPHOID VACCINE TO INDIVIDUALS GIVING A Previous History 
OF VACCINATION AGAINST TYPHOID FEVER 


AGGLUTINATION 
AGGLUTINATION TITER BEFORI riTER 4 WEEKS 
VACCINATION AFTER LAST DOSE 
OF VACCINE 


NUMBER OF 
PATIENTS IN VACCINATION TLISTORY 
EACH GROUP 


” One of these persons had Just One of these individuals’ ag 11-3560 
completed a course of typhoid vlutination titer was 1-80 
vaccine given subcutaneously and the other 1-160, 


{ months ago. He also gave 
a history of completing 5 
previous courses administered 
subcutaneously. The other 
individual gave a history of 
one course of typhoid vaccine 


viven subcutaneously — one 
month previous to the present 
one, 

10 3 of these people gave a history 8 of this group had an agglu 1-1280 
of 2 or more courses” of tination titer of from 1-40 
typhoid vaccine administered to 1-160. The agglutination 
subcutaneously. The other 7 titer of 2 was 0, 


gave a history of one previous 
vaccination for typhoid ad 
ministered subcutaneously 
from one month to 3 vears 


previously. An average of 
14 vears, 
35 \ll of these 35 persons had had 12. of this group gave an 1-640 
one course of vaccine for agglutination titer of from 
typhoid administered subeu 1-40 to 1-100. The other 25 
taneously except one who had) persons showed no agglu 
taken oral vaccine 1 year tinins in their blood. 


previously and one who had 
had 2 previous courses given 
subcutaneously. 


24 The previous vaccination in this 3 of this group gave an agglu 1-320 
group varied from 4 months tination titer of 1-40, one of 
to 12 years ago. One who 1-160, and the other 20 
had been vaccinated 2 years, showed no agglutinins. 


previous to this vaccination 

also had had typhoid 9 years 

previous to that vaccination. 
Total 71 Average 1-58 Average of all 
groups 1-710 
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fifteen minutes and take a capsule containing the vaccine. This vaccine con- 
sisted of 10 billion heat killed typhoid bacilli contained in a gelatin capsule 
mixed with starch.* An hour later he was permitted to eat breakfast. The 
second morning he was instructed to take only the vaccine capsule one hour 
before eating. The same procedure was carried out on the third day as on 
the second, the bile capsule being given only on the first day. This same 
method of administration was used in every case in which the oral vaccine 
was given. As shown by the table, the agglutinin concentration in the blood 


eradually increased each week up to and including the fourth week following 





the completion of the vaccination. 
The average agglutinin titer at the end of the fourth week was 1:604 as 
compared to an agglutinin titer of 1:496 in the case of the group vaccinated 


subcutaneously. <As it takes only three days to administer the vaccine orally, 


TABLE IV 


SUBCUTANEOUS ADMINISTRATION OF TYPHOID VACCINE TO INDIVIDUALS GIVING A HISTORY 
OF PREVIOUS VACCINATION AGAINST TYPHOID 


NUMBER OF - AGGLUTINATION TITER 
: . PREVIOUS VACCINATION AGGLUTINATION TITER 3 ; 
PATIENTS IN t WEEKS AFTER LAST 
HISTORY BEFORE VACCINATION : 
EACH GROUP INJECTION OF VACCINE 
93 This group gave a history of ajOnly ene of this group 1-320 
previous subcutaneous vae gave a positive agglu 


cination against typhoid tination titer before vae 
varying from 14% years to cination, this one being 
10 vears previous to this 1-40. 
present vaccination with an 
average of 6.2 years. 
30 This group gave a history of a Only 4 of this group gave 1-640 
previous vaecination against an agglutination § titer 
typhoid varying from 2%) before vaccination. Two 





years to 18 years. An aver gave 1-40 and two 1-80. 
age of 5-6 years. 
Total 53 Average agglutination be- Average agglutination 
vatients ‘ore vaccination 1-7. ‘or a groups < 
patient f t 1] f ll g 4 


weeks after vaccina 
tion 1-503 


those vaccinated in that way attained the peak of protection approximately 
two weeks ahead of the group vaccinated subcutaneously. 

For this experiment we secured 71 persons, all but one of whom gave a 
history of previous vaccination against typhoid, given subcutaneously. This 
one person had been given the vaccine orally the year before. These 71 people 
were given the vaccine orally as described above and their blood serum tested 
for agglutinins just before the vaccine was taken and four weeks after the 
completion of the course of oral vaccine. 

The 53 persons in this group all gave a history of previous vaccination 
against typhoid as indicated. We administered the vaccine subcutaneously in 
the usual manner after testing their blood serum for agglutinins before ad- 
ministering the first dose. The agglutinin titer four weeks after the last 
injection of vaccine showed an average of 1:503 for this group as compared 
with an agglutinin titer of 1:710 for the orally vaccinated group. 


*Lilly’s Typhoral, a commercial preparation, was the vaccine used. 
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We do not claim from these results that the oral vaccine has any advan- 
tage over the subcutaneous as regards antibody response. It is highly prob- 
able that with a greater number in each group the agglutinin titers would be 
about the same or even reversed. The fact that the peak of the protection as 
indicated by the agglutinin titer, using the oral vaccine, is reached two weeks 
sooner than the subcutaneous is to be considered an advantage, provided the 
protection is as effective and lasting as that produced by the use of sub- 
cutaneous vaccination. We are of the opinion that since the antigens eon- 
tained in the oral are the same as those in the subcutaneous vaecine the pro- 
tection should be as effective. As regards the various antigens contained in 
the typhoid organisms there are the H, O and Vi antigens. Due to the fact 
that both the subeutaneous and oral vaccines used were heat killed we are 
dealing with only the O antigens. Felix and Pitt® state that the Vi antigen 
is heat labile. Rabbits immunized with avirulent strains or with heat killed 


virulent smooth strains produce © antibodies only. This suggests to us that 


TABLE \ 


ORAL ADMINISTRATION OF TYPHOID VACCINE TO INDIVIDUALS WitH No HISTORY 0 
PREVIOUS VACCINATION AGAINST TYPHOID 


AGGLUTINATION TITER FOUR WEEKS 


NO. OF PATIENTS AGGLUTINATION TITER BEFORI ’ : 
5 # AFTER RECEIVING LAST DOSE OF 
IN EACH GROUP VACCINATION 
ORAL VACCINI 
l 0 1-1280 
2 0) 1-640 
13 0) 1-320 
10 Two of this group had an agglutina 1-160 


tion titer of 1-80, the rest showed 
no agglutinins 

Total 26 \verage titer for total before vaccina- Average titer for group after vaccina 
tion 1-6 tion 1-520 


some other manner of killing the typhoid bacilli for vaccines should be in- 
vestigated. Also the serum of individuals vaccinated orally and subcutane- 
ously should be tested by the mouse protection method and a comparison made. 

We realize that the presence of agglutinin antibodies in the blood serum 
alone does not connote immunity, as the agglutinin reaction does not kill the 
bacteria or reduce their virulence. Furthermore, it is a well-established fact 
that the agglutinin antibodies called forth in the blood by the vaccine or 
even having the disease disappear on the average in about six months follow- 
ing vaccination or having the disease. On the other hand, the immunity after 
vaccination with subcutaneous vaccine lasts on the average two to three 
years. Only time, therefore, and experiments of the nature suggested above 
can definitely prove whether the immunity gained after oral vaccination is 
as effective and lasting as that produced by giving the vaccine subcutaneously. 
The work of Cluver Pirie and Orenstein,'! and others in South Afriea, and 
Gauthier® in Greece using large numbers of persons as subjects for oral vae- 
cination, seems to point to the conelusion that the oral vaccine is an economic 
and effective prophylactic measure against typhoid as regards leneth of pro- 


tection and reduction in incidence of the disease. 
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As shown by Tables V and VI, we made a comparative study of the ag 
elutinin titer of 26 PerSOLS before ana hour weeks after havine been vVac- 
cinated avainst typhoid fever orally and 17 persons vaccinated subcutaneously 


None of these 48 persons had ever been vaccinated in any manner against 


rane VI 
S ( rANEO ADMINISTRATION OF TYPILOID VACCINE TO INDIVIDUALS GIVING 
No History oF PREVIOUS VACCINATION 
AGGLUTINATION TITER FOUR WEEKS 
Oo. OF PATIENTS AGGLUTINATION TITER BEFORI 
AFTER RECEIVING LAST INJECTION O 
EACTITE GROUP ‘ \ ( 
Ti | ANFOUS VACCINI 
3 One of these three gave an agglutinin 1-640 
titer of 1-40: the other two showed 
no agel itination before vaecination 
14 () 1-320 
Total in this Average agglutinin titer before vie Average neglutinin titer after vac 
group 17 emation 1-2 cination T-512 


typhoid previous to this time. Sinee most of our subjects were either medical 
students or nurses, it was difficult to get a very large number of persons who 
had had no previous vaecination. 

The orally vaccinated group gave an agglutination titer of 1:320 and the 
subeutaneously vaccinated group a titer of 1:312, practically equal. A com 
parison of these titrations with the titrations obtained, using the serum of the 
groups giving a history of a previous vaccination, is interesting in that if 
shows that the groups giving a history of a previous vaccination eave a highet 
titer of agglutinins than did the ones with no previous vaccination. This 
result was of course to be expected. Agelutinin titrations in all cases were 
determined, using a twenty-four-hour broth eulture of livine typhoid organ 
isms, Strain 4221 (American Type Culture Collection) Hopkins RB. typhosus 
as an antigen. 

The 107 people to whom we gave the oral vaccine lost no time from their 
usual activities. They reported no reaction, and we observed none except in 
three cases in which the aet of swallowing the capsule produced some nausea. 
We did not blame the vaccine for this. The administration of the vaccine 
was under our direct supervision, hence, we had an opportunity of observing 
them all closely. The 80 people to whom we gave the subcutaneous vaccine 
all had the usual local reaction and about 50 per cent experienced a eveneral 
systemic reaction. Three students received such a severe reaction that they 
lost several days of school. 

During the past eight vears we have been administering typhoid vaccine 
subcutaneously to all of the medical students as a routine prophylactic meas- 
ure. Each vear at least three students lose time from school because of a 
systemic reaction due to the vaccine. We have had no such experience with 
the oral vaccine. 

SUMMARY 


WY 


This study was carried out, using 187 human beings as subjects. The 
people used were divided into groups as shown by the tables. Agelutination 
titrations were made in all cases before the vaccine was administered and 


again four weeks after the last dose. 
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The first eroup Ol 20 individuals was divided so that 10 received the oral 
and 10 the subcutaneous vaccine Avelutinin titers were run on the serums 
of these two groups at weekly intervals after the last dose of vaccine until 


the titer began to drop. The vaccination history and the history of having 


had the disease was secured from each case. Results are shown in the tables. 
CONCLUSIONS IN TIIIS SERIES OF CASES 


1 Typhoid vaccine administered orally produces us evreat or ereater 


concentrations of agelutinm antibodies in the blood serum of human beings 


as thie t\ phoic Vaceoulhe administered subcutaneousiy. 


2 The oral vaccine brings about this concentration of agelutinin anti- 
bod lb a Shorter let Ot Tine 
: IN observed or re prot (dk reaction followed the administration of the 


‘vere reactions, causing loss of time from work, do occur when the 
vaccine IS viven subcutaneously 


d. People in general take the oral vaecine more willingly than they do 


6. The oral Vaccine Is WOre Casts administered because it requires iess 
equipment and preliminary preparation 


7. Economically and practically the oral vaecine is more desirable than 


the os ib ll ! IS 
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FACTORS INFLUENCING PENTOTHAL ANESTHESIA* 





S. N. Buackpere, PH.D., AND CAROLINE Hrupetrz, Pu.D., New York, N. Y. 


N PREVIOUS studies’: * on the factors which influence the action of nembutal 

(pentobarbital), we found (1) that the administration of glucose by vein 
did not materially shorten the duration of the anesthesia; (2) that fasting for 
twenty-four hours increased the length of the period appreciably; (3) that 
there was no correlation between the susceptibility to the drug and the blood 
sugar levels whether this was determined before the administration of the drug 
or at the time of the greatest depression; (4) that the sugar level at the time 
of maximum depression was not changed from the initial level although there 
was a very definite drop from this level at the time of recovery; (5) that the 
fall in the blood sugar level following nembutal occurred at the time of re- 
covery and was equal to that resulting from twenty-four hours’ inanition. The 
time of reeovery in fasted animals was one and one-fourth hours later than in 
the normally fed animals. It follows that at the time that the normally fed ani- 
mals are recovering, their blood sugar value is about the same as that of the 
starved group although the latter are still under deep anesthesia. It is concluded 
that (a) there is no correlation between the blood sugar level, per se, and the 
susceptibility to the drug, and (b) that inanition has some effect other than 


that of lowerine the blood sugar. 
EXPERIMENTAL: ANESTHETIC PROPERTIES 


Since in these experiments only nembutal was used, it seemed advisable 
to study other closely related barbiturie acid derivatives. The first to be con 
sidered was pentothal (sodium-ethyl-l-methyl- butyl- thiobarbituric acid, Abbott 
thiobarbiturate No. 8064). This drug differs from nembutal only by having 
the oxygen in the urea molecule replaced by sulphur. 

When pentothal sodium was administered to rabbits intraperitoneally, in 
the dosage of 40 mg. per kilogram, the induction was smooth and the onset of 
anesthesia rapid, complete unconsciousness occurring in about five minutes. 
The duration of action is comparatively transient but as with other shor- 
acting barbiturates it varies greatly, and is markedly dependent upon external 
stimuli. The stage of complete unconsciousness is attended by good relaxation. 
On an average of forty minutes after the injection, consciousness is regained, 
but there remains lack of coordination. Complete recovery occurs about one 
and one-half hours after the injection. The respiratory center is quieted, just 
as with the other barbiturates. There is very little change in the rate and 
rhythm of respiration but some diminution in the depth. The degree of de 


*From the Departments of Pharmacology and Physiology, College of Physicians and 
Surgeons, Columbia University. 
Received for publication, January 11, 1937. 





1224 




















BLACKBERG-HRUBETZ: FACTORS INFLUENCING PENTOTHAL ANESTHESIA 1225 


pression of the respiration is dependent upon the amount of the drug in the 
circulating blood and is negligible when therapeutic amounts are administered. 
When the pentothal is given intravenously, even very small doses may produce 
depre ssion or eessation ot respiration, if the injection is made too rapidly. On 
the other hand, if the rate of injection is regulated, so as to give the desired 
degree of depression, pentothal may be administered in relatively huge doses 


over a prolonged period without producing respiratory embarrassment. 
EFFECTS OF INANITION 


If rabbits were given water ad lib but deprived of food for twenty hours, 
they were much more susceptible to the depressant action of pentothal. The 
induction of the anesthesia from 40 mg. per kilogram given intraperitoneally, 
was rapid and smooth, only about five minutes being required to develop anes- 
thesia. The duration of the action was definitely longer in the starved animals 
than in those whieh were normally fed. In the starved group, consciousness 
was regained only after an hour (average time) and complete recovery did not 
occur until two and one-half to three hours after the injection. Several animals 
remaimed fully anesthetized for more than the three-hour observation period. 
With the dosage indicated, only 31 per cent of the normally fed rabbits became 
fully anesthetized with good relaxation, whereas 62 per cent of the starved group 


showed the same reaction. 


7A >] I | 
DURATION OF DEPRESSION AFTER PENTOTHAL (40 MG. PER KILo 
LY FED STARVED 
No. of observations Qs Qh 
Per cent of animals anesthetized ol 02 
Mean time of onset 5 min. 5 min. 
Mean time to beginning of return of $0) min. GO min. 
consciousness 
Mean time to complete recovery S5 min. 135 min. 


Although pentothal has only reeently been made available for practical use, 
numerous ¢linieal reports have appeared in the literature. The work of all 
corroborate our experimental findings; Lundy;* Jarman and Abel;* Horsley.° 
They all emphasize the smooth induction, fair relaxation, short duration, and 
bsence of postoperative restlessness. They also report some depression of the 
respiratory center producing a change in the depth rather than any change in 


the rate of breathing. 
CARBOHYDRATE MOBILIZATION 


In order to determine whether the constancy of the blood sugar level during 
the height of the depression and the fall at the time of recovery are specific 
or nembutal, or are characteristic for other short-acting barbiturates, it was 
hought advisable to follow the blood sugar time curve throughout the period 
i anesthesia and recovery from pentothal. Samples of blood were obtained 
rom the marginal ear vein of the rabbits before the intraperitoneal injection 
nd at twenty minutes, one, two, and three hours after the administration of 
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the anesthetic. The dose of pentothal was 40 mg. per kilogram. The sugar 


values were determined by the Somoeyv micromethod for blood.® 


TABLE I1 


THe TIME CURVE FOR THE BLoop SuGAR LEVEL AFTER PENTOTILAL, 40 iG. Pen Ko. 1. P. 
NORMALLY Frep Rapsirs 


CONTRO 20 MIN. 1 otk. 2? HK itl 
No. ot observations +] 33) 17 IS $4) 
Mean 11] Pd 115 11] 100 
Mean deviation 1 yo > 4) ‘3 
Mean deviation of the mean 0 fe. | 2D 1S 
raABLE II] 
THe I E CURVE FOR THE BLoop SuGAR LEVEL AFTER PENTOTHAL, 40 MG. PER Ke. TL. P. 
RABBITS STARVED EIGHTEEN TO TWENTY-Four Hours 
CONTROL! 20 MIN. 1 HR. = HR. os BR. 
No. of observations 17 tS 17 17 17 
Mean 87 O6 8] Sh go 
Mean deviation 11 17 10 ls 1 
Mean deviation of the mean By z.3 lo 2.0 2.0 


It will be noted that the blood sugar level shows a definite rise at the 
twenty-minute interval. This period corresponds to the time of deepest de 
pression for pentothal. With nembutal there was no mean change in the sugat 
level at the time of deepest depression, but there was an increased variability, 
some animals showing a rise, some a fall and others no change. A similar large 
variability has been shown after absinthe (Hrubetz and Pike’), another drug 
acting on the central nervous system. With pentothal, there is, after twenty 
minutes, a gradual return to the normal level with a drop at the three-hour 
interval. These changes are observed in both the normally fed and the starved 
groups. The values obtained at the three-hour interval represent the sugat 
levels at the time of recovery. The drop at this stage was also found after 
nembutal. 

Since it is generally accepted that these short-acting barbiturates are de 
toxified in the liver, and since inanition lengthens the duration of their action, 
inanition may alter in some way the rate at which this detoxification takes place 
Experiments for studying the correlation between liver function and barbiturat: 


susceptibility are now in progress. 
SUMMARY 


1. Pentothal sodium (sodium ethyl- 1 methyl-buty] thiobarbituric acid 
depresses the central nervous system producing stages varying from hypnosis 
to general anesthesia, depending on the dosage. The action is relatively short 

2. Fasting for twenty hours increased the susceptibility of rabbits to pen 
tothal, and lengthened the duration of the anesthesia. 

3. The influence of pentothal on carbohydrate mobilization was studied. Ni 
correlation was found between the blood sugar level and the susceptibility t: 
the drug. Time curves were made depicting the changes in the blood snegat 


levels during the anesthesia and at the time of recovery after pentothal. 
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ASCORBIC ACID CONTENT OF RED CELLS AND PLASMA 
M. Phioan, AND E. Eppy, Boston, Mass 


INCE vitamin © has been definitely identified with ascorbie acid, the ¢lini- 
cal importance of this substance has increased. Growing interest has 
developed in the study of the proportion of ascorbic acid between red cells 
and plasma in various diseases. In normal individuals van Eekelen, Emmerie, 
Josephy and Wolff! found that ascorbie acid was evenly distributed between 
cells and plasma. On the other hand Schneider and Widman? and Heinemann® 
noted a higher ascorbie content in the red cell than in the plasma. Heinemann® 
further noted in a study of various diseases that the ascorbic acid in the red 
ells varied considerably, reaching higher red cell values in proportion to the 
serum in patients with anemias or with peptic ulcers. However, the interpreta- 
tion of blood ascorbic acid values is uncertain, in part because of the variations 
i the values encountered in routine analyses. In attempting to assay ascorbie 
cid in both cells and plasma the methods of analysis must be considered. 
Tillmans, Plirseh and Hirsch? first developed the method of determining the 
resence of ascorbic acid (reduced) in serum. To make it elinically practical 
his original method was modified by Farmer and Abt." They used as a 
eproteinizing agent metaphosphoric acid which had been introduced for this 
urpose by Fujita and Iwatake® and they determined the reduced ascorbic 
‘id in the filtrate with 2.6 dichlorophenol indophenol.! Pijoan, Townsend, 
nd Wilson*> noted a considerable loss of ascorbic acid in the serum by this 
ethod. This rapid loss of aseorbic acid is due, as Barron, de Meio and 
lemperer® have pointed out, to copper and hemochromogens. A loss, but to 
lesser degree, is found also in the method introduced by van Eekelen, Em- 
erie, Josephy and Wolff.’ as some of the ascorbic acid is lost im mercuric 


have suggested the use of 


Iphide precipitation. Pijoan and Klemperer 
fassium evanide to inhibit the disturbing catalysts responsible for oxidizing 
corbie acid. For purposes of simplicity and convenience the method is 
esented. 

*From the Surgical Laboratory of the Peter Bent Brigham Hospital. 
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Blood immediately after collection is transferred to a test tube contaiming 
10 me. of KCN and 15 mg. of potassium oxalate. This is more than adequate 
for 10 ¢.c. of blood. In studying the red cell value as well as the plasma value, 
a hematocrit is taken or the volume noted so that the final volume can be 
made up to the original one. The plasma is separated by centrifugalization 


To 2 ¢.c. of plasma is added 2 ¢.c. of distilled water and 6 ¢.c. of 10 per cent 
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Chart 1. 
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metaphosphoric acid (made up fresh daily). The mixture is stirred for thirty 
seconds and allowed to stand for three minutes. In order to separate the 
protein precipitate from the protein free fluid, either filtration (using What 
man 42 f.p.) or centrifugalization is satisfactory. Two cubic centimeters 0 
either the filtrate or the supernatant fluid is used for the determination 0 
ascorbic acid and placed in a 50 ¢.c. beaker for titration with 2.6 dichloropheno 


indophenol. Titrations to a pink end point are carried out using a light wit! 
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a daylight filter. 1/1000 Molar solution (29 me. of dye in 100 @.c. water) 
is the most efficient for this purpose. The dye must be dissolved in water 
heated to 85° C., shaken for fifteen minutes and filtered if necessary. The 
details of standardization and caleulation have been already presented by 


Pijoan and Klemperer.'®) Simple calculation is accomplished by multiplying 


the amount of dye used by 44 if 2 ¢.c. of plasma are assayed. The ascorbic 


assaying the ascorbie acid 


acid value will then be in milligrams per cent. h 


value of red cells, the red cells are washed four times with 0.9 per cent NaCl 
solution containing 100 mg. per cent of KCN and separated each time by 
centrifugalization, After the four washings their volume is doubled by adding 
distilled water containing 100 mg. per cent of KCN. The hemolyzed cells are 
then assayed in the same manner as the plasma. Whole blood ean also be 
used and the red cell value computed by hematocrit proportion. 

It is of interest to note that much more KCN is required to inhibit the 
action of the catalysts in the red cells than in the serum. In the following 
ehart (Chart 1) the curves designated by the same number represent samples 
of red cells and plasma containing the same amount of KCN. 

In a series of carefully controlled analyses of blood from normal indi- 
viduals we were unable to find red cell values exceeding or equal to the plasma 
values. 

TABLE I] 
Bioop AscorBic ACID VALUES IN NORMAL INDIVIDUALS 


ASCORBIC ACID CONTENT. MG. PER CENT 


RED CELLS PLASMA 

BE. E. L.5 2.1 

E.R. 1.0 1.64 
R. Kx. 1.42 1.70 
O. B. 1.7 2.0 

W. B. OS Lon 
ie 12 Lo] 
D. I 1.31 de 
D. A 1.52 1.98 
P.8. 1.64 1.90 
Cc. Re. L.5¢ 
K.R 0.84 L.4 

} } 1.20 > Si) 

Normal ascorbic values in the plasma of over 100 normal individuals were reported by 
Pijoan nd Klemperet! 


Even when certain individuals raised their blood ascorbie acid value by 
consuming 0.25 gm. of ascorbic acid, the plasma levels were always higher 
than the red cell values. We obtained plasma values as high as 3.2 mg. per 
‘ent by this procedure. 

From the foregoing data in Table J it is suggested that in normal indi- 
viduals considerable variation exists between red cell values and plasma values. 
In the light of these findings considerable care must be taken before inter- 


pretine the blood ascorbic acid content in disease. 


CONCLUSION 
A method is introduced to study the ascorbie acid content of red cells. 
rhe aseorbie acid content appears to be higher inethe plasma than that pres- 
nt in the red cells. 
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We are indebted to the Hoffinan-LaRoche Company for their generous supply of ascorbic 
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LOBAR PNEUMONIA AND ORGANIC HEART DISEASE 
Morris M. Weiss, M.D., Lovisvinite. Ky. 


erectile statements appear in the literature as to the incidence of 
lobar pneumonia in individuals with organic heart disease. The following 
statement is made in the chapter on lobar pneumonia in Osler and McRae, 
Principles and Practice of Medicine: 
a very striking contrast in their pneumonia statistics, owing to the occurrence 


1 sor 


The wards and postmortem room show 


of what may be called terminal pneumonia. During the winter months, pa- 
tients with heart disease are not infrequently carried off by pneumonia which 
may give few or no signs. It is nearly always of the lobar form.’’ Cecil and 
Plummer? claim that a terminal lobar pneumonia is seen very frequently in 
the course of chronic cardiae and renal diseases. In contrast, Austrian in his 
article on acute lobar pneumonia in Tice’s Practice of Medicine® states: ‘‘In 
chronic diseases pneumonia is a very usual terminal event, but it is much more 
frequently of the lobular than the lobar variety.’’ Cohn and Lewis? note that 
of 1,456 patients with lobar pneumonia admitted to the Hospital of the Rocke- 
feller Institute only 3.7 per cent had coincident organic heart disease. 

This study was made to determine the frequeney with which lobar pneu- 
monia is found at autopsy in adult patients who had organie heart disease. 
It was felt that this approach to the problem would give more accurate infor- 
mation than an attempt to determine the incidence of coincident heart disease 


in clinical lobar pneumonia, since patients are often too ill to have a complete 


*From the Division of Medicine, School of Medicine, I"niversity of Louisville. 
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cardiovascular survey. The material comprises all individuals with heart dis- 
ease, aged twenty vears and over, autopsied at the Louisville City Hospital from 
1931 to 1936, a total of 465 cases. Table | comprises the etiologic types of 
heart disease encountered, distributed as to age and sex. Of the cases, 356 
76.5 per cent) were hypertensive and arteriosclerotic ; 54 (11.6 per cent) were 
syphilitic; 32. (6.9 per cent) were rheumatic; and 23 (5.0 per cent) were of 
miscellaneous, Including unknown, etiology. There were 298 (64.0 per cent 

males and 167 (36.0 per cent) females. Eighty-four per cent of the patients 
were over forty vears of age. The cases were approximately equally divided 


between the white and newro races. 


TABLE I 
165 Cases oF Heart’ DISEASE ANALYZED ACCORDING TO ETIOLOGY, AGE, AND SEX 

POY 30-39 $0-49 50-59 60-69 70-74 sv) PER 

ETIO.-TYPI roTAl 
M | M } M i M i M i M k M } CENT 
Hyper.-Arter, 2 3/15 14/31 22/46 44/72 21/40 22) 18 6 no TH5 
Syphilitic } 2 7 $,17 Lit | a) 0) 0 () | 0) 4 11.6 
Rheumatic 3 5 4 3 j } 3 j ] » 0 0) 0) 0 39 6.9 
Miscellaneous l 2 2 j l | } 2 ) 2 l 0 0) 4 0.0) 

Total 10 12126 23156 28165 52180 33!42 23) 19 6 15 


2 per cent) had lobar pneumonia. In con- 


Of these 465 cases, only 6 (1 
trast, 157 patients (33.7 per cent) died with bronchopneumonia. Of the 6 
patients with lobar pneumonia, 5 had hypertensive and 1 syphilitic heart dis- 
ease. All were admitted for lobar pneumonia, and only one gave an antecedent 
history of congestive heart failure. 

Since the age and sex incidence of lobar pneumonia might explain the 
infrequency with which it and heart disease were coincidentally found in this 
study, 743 consecutive patients with lobar pneumonia, aged twenty vears and 
over admitted to the hospital, were analyzed as to these factors. It was found 
that 365 (49 per cent) were over forty vears of age as compared with 84 per 
‘ent of the heart patients who were in this age group. Lobar pneumonia oe- 
curred predominately in the male (73 per cent) just as was found in the 
patients with heart disease. Thus the age and sex incidence of lobar pneu- 
monia cannot explain the rare association of the two diseases. Neither was 
the racial incidence of any significance. 

Theoretically lobar pneumonia should occur frequently in individuals with 

eart disease. Even though the exact pathogenesis of lobar pneumonia is not 
fully understood, an attack is usually attributed to lowered general resistance, 
uid there is experimental basis for the view that local conditions in the lung, 
uch as the catarrhal process or previously damaged tissue, favor development 
if pneumococei.”° If this conception is correct, the lungs of individuals with 
eart disease should furnish a fertile soil for the growth of pathogenie or- 


ranisms. This study does not lend support to these theoretical considerations. 


SUMMARY AND CONCLUSIONS 
Only 1.2 per cent of 465 autopsied cases of organic heart disease aged 
wenty vears or over died with lobar pneumonia. There was only one patient 


ith an antecedent history of congestive failure. In contrast 33.7 per eent 
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had a terminal bronchopneumonia. The age, sex, and race incidence of lobar 
pneumonia could not explain the infrequent association of the two diseases. 
The conception that the lungs of patients with heart disease should furnish 
a fertile soil for the organisms causing lobar pneumonia is not supported by 
this study. 
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THE PARTITION OF UREA IN BLOOD 


Eipon M. Boyp, M.A., M.D., C.M., Aanp Ronautp B. Murray, M.D., C.M.. 
KINGSTON, CANADA 


T IS usually considered that urea is distributed between plasma and the red 

blood cells in proportion to the water content of each.4;> When the water 
content of the red blood cells is over 80 per cent, there is usually little dif- 
ference in the urea content of the cells and of plasma. So generally is this 
accepted that one frequently notes in hospital laboratories that aliquots of 
blood are taken for urea analysis without shaking the specimen of blood. Our 
interest has been recently directed toward the effect of various anticoagulants 
on the distribution of substances between plasma and cells,” and it has been 
found that certain anticoagulants, especially potassium oxalate and other anti- 
coagulant salts, markedly affect the partition of urea between plasma and 
cells. In some instances the differences have been sufficiently great to give 
false pathologically high values for blood urea when the aliquot taken con- 
tained an excess of plasma. 

The urea content of plasma was found higher than that of whole blood 
or erythrocytes by Polonovski and Auguste. Others! * 7 have noted differ- 
ences, but not consistent differences, some? finding cellular urea lower only 
when the urea of whole blood was exceptionally high. These differences have 
been noted in the blood of laboratory animals as well as of man. The possible 


influence of anticoagulant salts has not been generally recognized. Heller and 
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Paul’ have shown that the volume, and presumably also the water content, of 
the red blood cells is markedly altered by different anticoagulants. 

In the present study, the partition of urea between plasma and cells was 
determined using seven different anticoagulants, defibrination, heparin, hirudin, 
potassium oxalate, ammonium oxalate, sodium oxalate, and sodium citrate. 
Urea was estimated by the well-known urease and aeration technique of Cullen 
and Van Slyke, except that the final determination was made by nesslerization 
instead of by titration. Aliquots of the red blood cells were hemolyzed with 
an equal volume of water before adding the urease, since there is a possibility 
that the cell membrane is not entirely permeable to urease. All samples of 
blood were centrifuged at full speed for one hour before removing samples 
of plasma and cells for analysis. When ammonium oxalate was used as an 
anticoagulant, the amount of ammonium in the anticoagulant was deducted 
from the final result. 

The partition of urea between plasma and cells in 40 samples of blood 
using different anticoagulants is shown in Table I. These analyses were per- 
formed immediately after taking blood from the patient. It is apparent that 
in defibrinated, heparinized and hirudinized blood the urea content of plasma 
differs from that of the cells but that no consistent differences in one direction 
are noticeable. In defibrinated, heparinized and hirudinized blood there was 
a tendency for cellular urea to be lower in value when the plasma values were 
high and, vice versa, to be higher when the plasma values were low. When 
anticoagulant salts were used, the urea content of the red cells was invariably 


lower than that of plasma. Of 16 samples of blood, only 2 were found to 


TABLE ] 
THE UREA CONTENT (Mea. PER 100 ¢.c.) OF BLOOD PLASMA AND OF THE RED BLoop CELLS 
CASI PLASMA RED CELLS CASI PLASMA RED CELLS 
Continued ) 
Defibrinated Blood 12 41.2 319 
1S $2.0) oe 
l 17.6 54.9 l4 19.9 42.0 
” 20.9 61.5 15 D1.8 41.6 
22.8 29.0 
| 265.7 247 Oxalated Blood 
5 27.6 25.2 l 18.5 beak 
6 $4.9 25.3 9 18.6 21.2 
7 17.6 28.0 3 22.6 20.5 
Hirudinized Blood 4 25.8 21.2 
» =O.) 49.2 
25.9 26.5 6 28.2 21.8 
2 31.4 29.3 7 340 21.5 
Ss $1.2 22.9 
Heparinized Blood Q 12.0 26.5 
19.3 24.9 10 17.6 29.5 
2 20.9 98.6 1] 51.3 38.4 
% 29] 21.0 12 54.9 30.4 
: me aa’ Other Anticoagulant Salts 
6 23.9 29.5 7 7 
7 24.7 13.9 NH,Ox. 28.2 17.0 
S 2.7 25.0 NH,Ox. 39.1 30.0 
i) 34.1 30.0 NaOx. 27.4 12.0 
10 36.9 31.9 NaCit. 26.0 12.5 


1] 39.1 35.0 
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contain higher cellular values when anticoagulant salts were employed. — In 
oxalated blood, the average of 12 determinations showed 34.5 mg. per cent 
urea in plasma and 26.4 me. per cent urea in the cells, plasma containing on the 
average about 31 per cent more urea than the red cells; and the average cel 
lular urea was about 77 per cent of that in plasma. This approximates the 
commonly accepted view of the distribution of urea between cells and plasma. 
It is important to recognize that such a partition occurs only in blood con- 
taining anticoagulant salts and that even in such blood there is a wide varia- 
tion from the average, as seen in Table I. 

In routine laboratory work, samples of blood frequently stand for several 
hours, usually in the ice box, before urea determinations are made. Hence 
the effect of standing at ice box temperatures on the partition of urea was 
determined. Fourteen samples of blood containing various anticoagulants 
were analyzed at various intervals up to forty-eight hours after removal from 
the patient. There was found an ebb and flow of the urea between cells and 
plasma in defibrinated, heparinized and hirudinized blood but no consistent 
changes on standing for two to three days in the ice box. In oxalated blood, 
the urea content of plasma tended to increase and of the red cells to decrease 
after twenty-four to forty-eight hours. Four examples of the changes in 


oxalated blood have been depicted in Table IT. 


TABLE II] 


Ture Errrer oF STANDING ON THE PARTITION OF UREA IN OXALATED BLOOD 


Example 1 Erample 
Time (hours 0) 0 24 1S Time 0) } Ss »4 
Volume of red 10.0 40.2 45.7 46.5 Volume of R.B.CL 39.00 3910 39.5 41.1 
cells per cent Plasma ures a | a2 215 312 
Plasma urea 20 375 384 34.) Red cell urea 21.8 225 459 32.4 
mg. per cent 
Red cell urea 20.6 21.5 42.0 26.0 Example 4 
mg. per cent Time ) 4 Ss 24 
. Volume of R.B.C, $8.3 48.7 42.3 47.8 
Example 2 Plasma urea 29.1 28.2 27.6 24.7 
Time 0 4 Ss 24 Red cell uren 16.2 17.0 18.3 19.9 
Volume of R.B.C. 42.1 $2.4 $e) $7.1 
Plasma urea 28.2 28.2 28.4 21.5 
Red cell urea 21.6 21.8 a5 | 25.0) 


The results in Table Il compared with those in Table [ suggested that 
potassium oxalate and other anticoagulant salts may increase the conecentra- 
tion of urea in plasma at the expense of urea in the cells. On standing, a 
tendency to return to the original distribution apparently occurs. The effect 
of anticoagulant salts was determined in 20 samples of blood, half of each 
sample being heparinized or defibrinated and the other half treated with an 
anticoagulant salt. The results of this experiment are shown in Table IIL. 
Potassium oxalate and other anticoagulant salts invariably lowered the urea 
content of the red cells, compared with the values in defibrinated or heparinized 
blood. In practically all samples the urea content of plasma was simultane- 
ously increased, the few instances in which the reverse occurred being prob- 


ably attributable to experimental error. 
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TABLE III 
THe Erreer oF ANTICOAGULANT SALTS ON THE PARTITION OF UREA IN BLoop ComMPpaAkED WITH 


DEFIBRINATION AND HEPARIN 


UREA 
AN TICOAGULAN' 
PLASMA RED BLOOD CELLS 
SALT 
NO SALT SAL‘ NO SAL SAL 
Defibrinetion 
Pot. Oxal. 17.6 54.9 51.0 30.4 
Pot. Oxal. 22.8 23.2 29.0) 21.8 
Pot. Oxal. 17.6 26.5 54.9 $5.2 
Ammon. Oxal. 17.6 39.1 D4.9 HO. 
Sod. Oxal. 1 27.4 1.5 2.0 
Sod. Citrate 16.5 ~O.0 a | ied $1? 5 
Heparin 

Pot. Oxal. 22.) 23.2 21.0 17.0 
Pot. Oxal. 7 A 28.2 29.0 21.8 
Pot. Oxal. 23.9 29 6 25.7 20.5 
Pot. Oxal. 24.0) 24.4 99:5 212 
Pot. Oxal. > 5 PHL $5.0) $2.0) 
Pot. Oxal. 32.3 $1.2 28.0) 22.2) 
Pot. Oxal. 39.1 17.6 55.0 29,3) 
Pot. Oxal. $2.0) 27.5) 35.6 91.5 
Pot. Oxal. 10.4 12.9 12.0) 26.5 
Pot. Oxal. o1.8 a2. $1.6 O84 
Ammon. Oxal. oak yt es 21.0 17.0 
Ammon. Oxal. 24.4 39.1 13.9 30.5 
Sod. Oxal. edeed 27.4 $4.1 $2.0) 
Sod. Citrate P49 P60 13.3 $2.5) 


It has thus been shown that potassium oxalate lowers the urea content of 
the red cells and increases that of plasma, so that samples of oxalated blood 
invariably contain more urea in plasma than in the red cells. The question 
arose as to whether or not the concentration of oxalate would further affect 
urea values. Blood for urea estimations usually contains from 0.2 to 0.5 per 
cent of potassium oxalate, but occasionally the concentration is greater for 
various reasons such as insufficient blood being obtained from the patient to 
sufficiently dilute the anticoagulant provided in the vessel used for collecting 
the blood. Hence, urea was determined in cells and plasma of samples of 
the same blood containing from 0.2 to 1.5 per cent of potassium oxalate. The 
addition of 0.2 per cent potassium oxalate effected the changes described above 
but adding more of the salt had no further influence on the partition of urea, 
although a progressive shrinkage in the volume of the red cells took place 
as more of the salt was added. The addition of many times the required 
amount of heparin or of hirudin did not materially change the partition of 
urea, 

In all of the previous experiments, the volume of the red cells was simul- 
taneously determined with the urea values. A casual examination of percent- 
ive volumes suggested that a direct relation existed between volume and urea 
ontent of the red cells. This was apparent chiefly in the results from experl- 
ments in which the urea values were compared in oxalated and heparinized 


r defibrinated blood. When, however, the resul 


ts of time and concentration 
xperiments were plotted, the urea values against the volumes of the cells, 


0 relation whatsoever could be established between the two. Also the tabula- 
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tion of all of the urea values according to cell volume failed to demonstrate 
any significant relation. The coincidental decrease in both volume and urea 
content of the red cells following addition of oxalate was the only instance 
in which one might conclude that the change in the urea content of the cells 
was due to shrinkage of the cells. Results in other experiments suggested 
that such was a fortuitous occurrence not indicative of a causal relationship. 
There must be factors other than the water content of the red blood cells 


which affect their urea content. 
SUMMARY 


Potassium oxalate and other anticoagulant salts decrease the urea content 
of the red blood cells and increase the urea content of plasma, the values 
tending to return toward the initial on standing. In defibrinated, heparinized 
and hirudinized blood the urea content of the red cells tends to be lower than 
that of plasma when the value in the latter is high, and vice versa. With any 
anticoagulant, the urea content of plasma is seldom the same as that of the 
red cells. 
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DIGITALIS BLOOD SERUM 





DIURESIS AND CERTAIN 
CHARACTERISTICS 


JAMES II. Deranporr, Pu.D., Wasninaron, D. C 


DIGITALIS DIURESIS AND BLOOD CALCIUM 


N AN earlier paper,! it was reported that intravenous injections of digitalis, 
in comparatively large doses, consistently produced a diuretic response in 
anesthetized cats, an effeet which was later confirmed on dogs. 

Our knowledge of the relation of urine secretion to the action of digitalis 
on the heart, blood pressure, and kidney vessels is still imperfect. However, 
since various investigators? have reported a synergistic stimulant action of 
digitalis and calcium on the heart, and since the permeability of blood vessels 
and tissues is closely associated with calcium, it was decided to ascertain 
whether quantitative changes in blood calcium accompany the diuretic response 
to digitalis. Blood phosphorus determinations and serum viscosity measure- 
ments were also recorded, because of their relation to calcium metabolism and 
kidney filtration, respectively. Surface tension measurements were also made 
on the blood serum. 

EXPERIMENTAL 


The experimental animals used were cats and dogs. The cats were on a 
milk diet supplemented with raw liver; the dogs were fed a balanced food 
preparation occasionally supplemented with raw meat and bones. All animals 
were fasted for eighteen hours preceding the experiment. The cats were anes- 
thetized with sodium barbital, 300 mg. per kg. by stomach, and the dogs with 
pentobarbital sodium (sodium-ethyl-l-methyl-butyl barbiturate), 30 mg. per 
ke. intraperitoneally. When anesthesia was complete blood was removed by 
heart puncture for the normal determinations of calcium, phosphorus, viscosity, 
and surface tension. The control animals then received an intravenous injeec- 
tion of 0.85 per cent saline, 1 ¢.c. per kg.; the other animals were injected in 
the same manner with 1 ¢.c. per ke. of a modified alcohol-free 5 per cent 
tincture of digitalis, a dose of 50 mg. of digitalis per kg., an amount which 
had been shown to invariably produce diuresis in anesthetized cats,’ and which 
was found to produce a similar effect in anesthetized dogs. The digitalis 
preparation was injected into the saphenous vein at the rate of approximately 
1 ce, per minute. Since it had been found that diuresis occurred in ten to 
fifteen minutes and continued for about an hour following the injection of 
this amount of digitalis, the second sample of blood was removed by heart 
puncture about one hour after the control sample, or about three-quarters of 
an hour after the digitalis injection. 
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George Washington University. 


Received for publication, January 29, 1936. 





1237 





1238 THE JOURNAL OF LABORATORY AND CLINICAL MEDICINI 


Total calcium determinations were made on trichloracetic acid centrifu 
vates by the Clark and Collip modification’ of the Kramer-Tisdall method. 
An attempt was also made to determine nonprotein bound ealeium by the meth 
od of von Berenesyv® and Hermann ;* however, this method was found to be 
unsatisfactory® and the results which had been obtained were discarded. Total 
inorganic phosphorus determinations were made on trichloracetic acid cen 


trifugates by the method of Fiske and Subbarow.” Surface tension and vis 


cosity measurements were made on fresh serum at 27° to 28° C. by means of 


the Du Nouy tensiometer! and the Oswald viscosity tube, respectively. While 


it is realized that exact measurement of these physical properties by either of 


these methods is not obtained, the measurements obtained on different samples 
of serum from the same animal have a comparative value with each other, 
since they were made at the same temperature upon freshly separated serums, 


and in each case with the same piece of apparatus. 
RESULTS 


The results of studies conducted on 12 cats and 6 dogs are briefly sum 
marized in Table I. Since the variations which occurred in individual animals 
were small, the results are presented in the form of average values. In both 
control and digitalis-treated animals, the final sample of blood was taken at 
a time during which it had previously been shown that diuresis was in progress 


following the intravenous injection of 50 me. per ke. of digitalis. 


TABLE | 


AVERAGES OF ToTaL CALCIUM, INORGANIC PHOSPHORUS, ViIscosiry AND SURFACE TENSION Of 
BLoopD SERUM FOLLOWING THE INTRAVENOUS ADMINISTRATION Ot 
DIGITALIS (50 MG. PER KG. 


AMOUNT Ot rIME FROM AFTER BLOOD 
rIME FROM AFTER 
BLOOD IN DIGITALIS REAMOVATI 
INITIAI NORMAIT BLOOD 
ANIMALS INITIAI INJECTION AND 
ro FINAT INITLATI REMOVATI 
USED SAMPLI ro FINAI DIGITALIS 
SAMPLI SAMPLI FINAI 
CC. PEI SAMPLI FINAI 
MINUTES SAMP II 
KG. MINUTES ) SAMPLI# 


Total Caleium 


mg. per 100 e.e. of serum 


t Cats aan 1) 11.5 11.4 
» Cats an O7 +4 11.6 11.2 
2 Dogs 1.8 56 12.3 12.5 
$ Dogs 1.6 435) be 12.9 12.4 
Inorganic Phosphorus 
my. per 100 c.c. of serum 
3 Cats 9.0) aD» 1.0 1.7 
6 Cats 8.5 O5 te 2 9 
> Dogs 1.8 6 ,g a) 
Dos l. sS 2) 6 Deed 
Viscosity 
Oswald tube—in seconds 
” Cats 9,2 ays) 128 131 
» Cats 7.4 ip) $e} 139 13S 
1 Dog 20) 60 115 120 
2 Dogs 1.3 55 $] 133 133 
Surface Tension 
Du Nouv Tensiometer 
» Cats 9.2 55 62.0 " 6] 
$ Cats S.0 72 17 60.7 a9.) 
So 61.0 60 
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Examination of the table reveals that the total calcium level of the blood 
serum was about 1 mg. per cent higher in dogs than in cats, and remained 
unchanged in both the control and digitalis-treated animals of each group. 
The inorganic phosphorus of the serum also remained the same in each series. 
The viscosity and surface tension of the serum showed very little change from 
normal in either control or digitalis animals, and such variations as occurred 


were not constant in the same direction 
CONCLUSIONS 


Intravenous administration of digitalis in diuretic amounts (50 me. per 
ke.) to anesthetized cats and does produced no significant quantitative changes 
in the total calcium, inorganic phosphorus, surface tension and viscosity of 
the blood serum. 

The mechanism of the diuresis which is produced in anesthetized cats and 
does by the intravenous administration of 50 mg. of digitalis per kg. is not 
dependent upon the production of quantitative changes in total caleium, inor- 


Cane phosphorus, surtace tension. or VISCOSITY. 
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THE AMOUNT OF COMPLEMENT IN THE BLOOD IN RHEUMATIC 
FEVER AND RHEUMATOID ARTHRITIS* 


M. RacuMitewirz, M.D., AND W. SILBERSTEIN, M.D., JERUSALEM, PALESTINE 


HE similarity between the clinical pictures of rheumatic fever and rheuma- 

toid arthritis is often so marked as to cause confusion in differential diag- 
nosis. The onset of rheumatoid arthritis may closely resemble that of rheumatic 
fever, commencing acutely, with fever, leucocytosis, and hot reddened joints. 
In both diseases there may be a history of previous attacks of tonsillitis or 
pharyngitis. The most important clinical signs differentiating rheumatic fever 
and rheumatoid arthritis are those referable to cardiac involvement which so 
often is a complication of the former condition. But in adults with no history 
of previous attacks, the diagnosis may be particularly difficult. The absence 
of eardiae involvement is not helpful, for at this age the arthritis is the most 
important elinical manifestation and the heart often escapes. 

Since the eause of either of these diseases is still uneertain, the suspected 
etiologic agents being streptococci of various types, and in rheumatie fever also 
a virus,’ there is no definite means of differentiation. For this purpose use has 
been made of various laboratory methods, the most valuable of which is the 
electrocardiogram. This, according to Cohn and Swift,? Rothschild, Sacks and 
Libman,* and Master and Jaffe,‘ discloses abnormalities in almost 100 per cent 
of all patients suffering from rheumatic fever, while in patients suffering from 
rheumatoid arthritis, according to Master and Jaffe, electroecardiographic 
changes are either absent or insignificant. 

Serologic tests for the differentiation of rheumatic fever and rheumatoid 
arthritis have been employed by Ceeil,’ and Nicholls and Stainsby.® These 
authors make use of the agglutination reaction of a strain of streptococcus eul- 
tivated from blood of cases of rheumatic fever with the serum of these patients. 
More recently Stuart-Harris’ studied the hemolytie-streptococcus-fibrinolysis in 
ehroni¢ arthritis and rheumatic fever, and found that the blood of patients with 
rheumatoid arthritis is susceptible to fibrinolysis, whereas the blood from pa- 
tients with rheumatie fever is resistant. 

We have used the amount of complement in the blood as a means of differ- 
ential diagnosis. The present report comprises a study of 45 patients suffering 
from rheumatic fever and rheumatoid arthritis. 

The method used for quantitative estimation of the complement is as fol- 
lows: 

The patient’s serum is diluted with saline in the proportion 1:10. A series 
of test tubes is filled with increasing amounts of this diluted serum, beginning 
with 0.4 and up to 1.5 ¢.e. Saline solution is added to the tubes up to the equal 


*From the Rothschild Hadassah Hospital. 
Received for publication, November 25, 1936. 
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volume of 2 cc. In each of the tubes, 0.5 ee. of a 5d per cent suspension of 


sheep red blood cells, serving as antigen, and a sufficient amount of inactivated 
rabbit serum which has been sensitized against sheep red blood cells, serving 
as amboceptor, are introduced. The tubes are incubated for thirty minutes 
at a temperature of 37° C.) The rate at whieh hemolysis occurs at a given con 
centration of serum determines the amount of complement present in the pa- 
tient’s serum. 

The figures obtained by us in normal people and patients suffering from dif- 
ferent diseases, except rheumatic fever and other diseases which will be dis 
cussed separately, are fairly constant and range between 0.04 and 0.06 ©. 
(Table 1). They correspond to the figures reported by other authors. Table 
I includes one patient with subacute bacterial endocarditis superimposed on an 


old rheumatic heart lesion. During the 1\ pical eourse of the disease the comple 


ment titer was determined three times with the same result, namely, 0.05—whieh 


is normal. 


TABLE I 
THE COMPLEMENT TITER IN VARIOUS CLINICAL CONDITIO 
NO. COMPLEMENT TITEI DIAGNOSIS 
O.07 Hypertension. Mvoeardial insufficiency 
2 0.06 Pemphigus 
0.08 Tuberculous peritonitis 
| 0.06 Urtiearia 
5 0.04 Gastritis 
6) 0.04 Typhoid fever 
7 O05 Bronchial asthma 
s 0.04 Tuberculous pleural effusion 
if) 0.04 \cute gastroenteritis 
10 0.04 Catarrhal jaundice 
1] 0.04 Catarrhal jaundice 
12 0.04 Typhoid fever. Pregnancy 
3 0.04 Grastritis 
14 0.05 (cute iritis 
15 0.06 \cute dysentery 
16 0.04 Bronchial asthma 
17 O06 Acute lymphatic leucemin 
1X 0.05 Sciatica 
1 O.04 Asthenia 
»() 0.08 Bronchial asthma 
» | 0.05 Chronie nephritis 
29 0.07 \eute tonsillitis 
23 0.05 Duodenal ulcer 
24 0.04 Icterus. Cholelithiasis 
25 0.05 Chronic nephritis 
26 0.05 Chronic tonsillitis 
wT 0.04 Myocardial insufficiency 
as 0.05 Chronic nephritis 
29 0.05 Nephritis. Chronic tonsillitis 
30) 0.07 Semtica 
21 0.08 Sciatica 
39 0.05 Subacute bacterial endocarditis 
re 0.06 Typhoid fever 


Twenty-five patients with rheumatic fever in active and inactive states 
vere examined (Table 11) with the uniform result of a definite lowering of the 
omplement titer of the blood in the active stage of the disease, viz., the first 
ttack or relapse with such manifestations of activity as fever, swelling of the 


oints, acute signs of cardiac involvement, and rapid sedimentation of the red 
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blood cells. In several cases, the complement titer was determined repeatedly 
at various intervals during the course of the attacks, and in some we observed 
an inerease of the titer with improvement in the clinical condition. For ex- 
ample, a man (Table II, A, Case 3), aged thirty years, suffering from a second 
attack of rheumatie fever preceded by tonsillitis, showed at first a low com- 
plement titer (less than 0.15). After removal of the tonsils the clinical signs 
ot activity disappeared and an increase of the complement to normal titer was 
found and remained so on successive examinations. A progressive increase to 


the normal level was found in Case + in Table IT, A. In other instances, how 


TABLE II 


THE COMPLEMENT TITER IN RHEUMATIC FEVER 


A. RHEUMATIC FEVER: ACTIVE STAG! B. RHEUMATIC FEVER: INACTIVE STAGH 
? COMPLEMENT £2 COMPLEMEN'I 
CASI AGI DATE CASI AGI DATI pam 
TITER TITER 
l 18 0.14 l 16 0.05 
Z 26 5/30 0.13 2 0.06 
6/20 0.15 > 21 0.05 
8/22 0.15 } oe 0.06 
0) 7/25 0.15 5 29 10/17 0.06 
§ /22 0.06 10/31 0.06 
9/12 0.04 6 At) 0.06 
10/24 0.05 ° 16 0.05 
12/19 0.06 s 17 0.05 
t 24 S/ ] O15 a) 20) 0.04 
8/15 0.15 10 28 0.05 
10/24 0.11 L| ats) 0.06 
as 2 0.13 
11/21 0.08 
5 1S 8/15 0.09 
6 IS 9/19 0.1 
Y/24 0.07 
7 2 10/7 3 0.15 
L/30 0.12 
Ss LS 10/24 0.08 
9 28 ll/ 7 0.16 
11/14 0.15 
11/28 0.15 
12/12 0.15 
1/30 0.13 
10 22 l/ 9 0.25 
2/13 O15 
ll 31 1/30 0.14 
12 20 2/ 6 0.14 
13 25 2/ 6 0.14 
2/20 0.15 
l4 ol 2/13 0.14 


*In most examinations determinations were not made beyond the figure of 0.15. 


ever, the complement titer remained low even after the clinical manifestations 
of the disease had disappeared. In these patients there was a tendency to 
diminution of the sedimentation rate of the red blood cells, while the comple- 
ment titer was still low. The following case may serve as an example. A female 
patient (Table II, A, Case 9), who had an old rheumatie valvular lesion, was 
suffering from many months from active carditis, mild but persistent pol) 
arthritis and subfebrile temperature. The sedimentation rate was very rapid 
(15’ by Linzenmaier’s method) and the complement titer was found to be less 


than 0.15 in repeated determinations. After removal of the tonsils and drain 


























RACIIM:LUWITZ-SILBERSTEIN : BLOOD IN RHEUMATIC FEVER AND ARTHRITIS 1248 


age of infected sinuses, the temperature became normal and the joint manifesta- 
tions practically disappeared. The sedimentation rate became slower, 60’, 
while the complement titer remained at a low level. 

In cases of rheumatic fever during the inactive stage, as exhibited by old 
rheumatic heart disease with or without heart failure and with no signs of 
activity, the amount of complement in the blood was found to be normal (Table 
Il, B). This finding is of great interest, in view of the difficulty that sometimes 
arises in determining whether or not there is an activation of an old rheumatic 
process. The decrease of the complement titer will, according to our observa- 
tions, disclose a relapse, clinically not obvious. 

In contrast to the findings in active rheumatic fever, the complement titer 
in patients suffering from rheumatoid arthritis, even in cases with the clinical 
signs resembling those of rheumatie fever, was within normal limits. These 
patients with rheumatoid arthritis had acutely inflamed joints, elevated tempera 
ture, and a rapid sedimentation rate of the red blood cells, but no clinieal signs 
of eardiae involvement. The average age in these patients was higher than 
in the rheumatie fever group. In several patients the complement titer was 


determined on several occasions with practically the same results (Table TTI 


PABLE IT] 


THE COMPLEMENT TITER IN RHEUMATOID ARTHRITIS 


NO) AGI DATH COMPLEMENT TITER 


14 0.06 
1S 0.05 
19 0.05 
} 32 O06 
- on O05 
i ‘(3 S/o 0.1 
0.04 
& /99 0.07 
04 
Ss “4 1/2 0.04 
8 /99 0.05 
Oo 59 0.05 
O06 
11 32 0.06 
ke +5" 0.04 
13 $4 0.06 


The last group (Table IV) represents 7 patients suffering from an acute 
polyarthritis during a first attack or relapse. In this group the clinical differ- 
ntiation between rheumatic fever and rieumatoid arthritis was not definite, 
the difficulty being, in all cases, the uncertainty as to whether it was an attack 
ff rheumatic fever without clinical signs of cardiae affection, or an acute form 


if rheumatoid arthritis. Some of these cases had a low complement titer. 
DISCUSSION 
This investigation, showing a definite decrease of complement in the blood 
patients suffering from rheumatie fever in the active stage of the disease, 


nds partial confirmation in the work of Veil and Buehholz* and, later, 
sechnabel.2 The former have determined the amonnt of complement in various 
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clinical conditions and have found a decrease to almost disappearance of the 
complement in ‘‘acute polyarthritis’’ and *‘rheumatie endocarditis.’’ Sehnabel 
found a decrease of the complement in 45 per cent of the patients suffering 
from acute joint diseases. As these authors have not differentiated between 
rheumatic fever and rheumatoid arthritis, their conclusions provide no aid in 
the diagnosis. The normal amount of complement found in the group of 
rheumatoid arthritis justifies the assumption that the complement-determination 
may serve as an aid in the differentiation between rheumatic fever and rheuma- 
toid arthritis. The significance of this faet is evident from our introductory 
remarks in which we pointed out the possibility of differentiating, on the basis 
of this method, the active from the inactive state of rheumatie fever when 
the elinical signs are not definite. This is often the ease when fever is absent 
and the cardiac manifestations are indefinite. 

The diminution of complement in rheumatie fever and its signifieance in 
the etiology of the disease may be explained as follows. Sehuetze and Scheller" 


more than thirty vears ago found a deerease of complement in animals which 


were sensitized to red blood cells of another species. Bieling' found the same 
TABLE IV 
MISCELLANEOUS Group WitH UNCERTAIN DIAGNOSIS 
NO. uC DATE COMPLEMENT TITER DIAGNOSIS 
1 0 5/ 9 0.06 \cute polyarthritis 
5/16 0.08 
2 16 4/25 O.11 Recurring polyarthritis in an 
8/29 0.1 acute episode 
YQ /PH O13 
10/17 0.1 
2g 8/22 0.04 Recurring polyarthritis in an 
8/29 0.06 acute episode. Erythema 
nodosum 
} 30 9/12 0.04 Recurring polyarthritis in an 
LO/17 O06 acute episode 
LO/3] 0.04 
5 26 10/24 O.11 Recurring polyarthritis 
11 7 O05 
6 38 0.08 Recurring polyarthritis in’ sub 


acute state 
7 17 O.15 Reeurring polyarthritis, 
Urtiearia 


phenomenon in animals sensitized to streptococe and tubercle bacilli. Recently 
P. and M. Pely'® observed a decrease of complement in patients suffering from 
various allergic diseases, such as asthma, urticaria, ete. These findings sug- 
vested the present investigation to us. Clinical, experimental and pathologic 
evidence has been accumulated in recent years by the investigators of rheumatic 
fever, indicating that this disease may be an allergie manifestation of a focal 
infection.’°"° Long-standing or repeated low-grade focal infection, in which 
streptococci of various types play a leading réle, sensitizes various mesenchymal 
tissues, such as joints, tendons, heart and blood vessels. An acute infection. 
most commonly tonsillitis, acting on these sensitized tissues, brings about the 


acute attack of rheumatie fever, which is accompanied by a decrease of the 


complement titer in the blood. The antigen-antibody reaction uses up the com- 
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plement according to Veil and Buehholz (streptococci or their products or a 
virus being the antigens). In contrast to this theory of rheumatic fever being 
an allergic disease, rheumatoid arthritis is considered, particularly by Ceeil, 
Nicholls and Stainsby,"* as a direct bacterial infection of the joints themselves. 
According to these authors, who have based their opinion on bacteriologiec 
studies of blood and joint fluid, *‘rheumatoid arthritis is an infectious disease, 
eaused in a high percentage of eases by a specific type of streptococcus which, 
after localization in a primary foeus, is discharged from time to time into the 
blood stream and establishes metastatic infections in the joints.’’ This eon- 
ception is consistent with our finding of a normal amount of complement in the 
blood, as was found, also, in other infectious diseases, such as typhoid, pneu- 
monia, subacute bacterial endocarditis. 

The above conclusions are based on the very limited material available in 
Jerusalem, and it is hoped that similar investigations on larger numbers and 


a greater variety of cases will throw more light on this important question. 
SUMMARY 


1. The amount of complement in the blood is diminished in the active stage 
of rheumatic fever, and normal in the inaetive stage of the disease. 
2. The amount of complement is normal in patients suffering from rheu- 


matoid arthritis with acute svmptoms of the disease. 


REFERENCES 


1. Schlesinger, B., Signy, A. G., Amies, C. R., and Barnard, J. E.: Etiology of Acute 
Rheumatism; Experimental Evidence of Virus as Causal Agent, Laneet 1: 1145, 
1935. 

2. Cohn, A. E., and Swift, H. F.: The Electrocardiographie Incidence of Myocardial Involve 


ment in Rheumatic Fever, J. Exper. Med. 39: 1, 1924. 
Rothschild, M. A., Sacks, B., and Libman, E.: The Disturbances of the Cardiae Mechanism 
in Subacute Bacterial Endocarditis and Rheumatic Fever, Am. Heart J. 2: 256, 1927. 


$. Master, A. M., and Jaffe, H.: Rheumatoid (Infectious Arthritis and Acute Rheumatie 
Fever; Differential Diagnosis, J. A. M. A. 98: SSI, 1932. 

D>. Cecil, Russell L.: The Differential Diagnosis of Rheumatie Fever and Rheumatoid 
Arthritis, Libman Anniversary Volumes, International Press, N. Y. 1: 203, 1932. 

i. Nicholls, E. E., and Stainsby, W. J.: Streptococcal Agglutinins in Chronie Infeetious 
Arthritis, J. Clin. Investigation 10: 323, 1931. 

7. Stuart-Harris, C. H.: \ Study of Hemolytic Streptococcal Fibrinolysis in Chronic 


Arthritis, Lancet, p. 1456, 1935. 
8. Veil, W. H., and Buchholz, B.: Der Komplementschwund im Blute. Klin. Wehnsehr. 
No. 49, p. 2019, 1932 


Buchholz, B.: Die Bedeutung der Komplementveriinderung bei der rheumatischen 
Infektion, Med. Welt. 7: 1775, 1933. 
% Sehnabel, P.: Komplementuntersuchungen bei rheumatischen Erkrankungen, Med. Klin. 
29: 714, 1935. 
. Schuetze, A., and Scheller, R.: Experimentelle Beitriige zur Kenntnis der in normalen 
Serum vorkommenden globuliciden Substanzen, Ztsehr. f. Hvg. No. 36, p. 270, 1901. 
Bieling: Herdinfektion und Immunitit, Verhandl. d. deutsch. Gesellsch. f. inn. Med., 
Kong. 42: 438, 19530. 
Paul, B., and Pélyi, M.: Uber die Abnahme des Blutkomplementgehaltes bei allergischen 
Krankheiten, Klin. Welinsehr. 14: 165, 1935. 
. Swift, H. F.: Rheumatie Fever; Hektoen Lecture, J. A. M. A. 92: 2071, 1929. 
t. Zinsser, H., and Yu, H.: Bacteriology of Rheumatie Fever and Allergie Hypothesis, 


Arch. Int. Med, 42: 301, 1928. 
Klinge, F.: Uber ‘‘ Rheumatismus,’’ Klin. Welinsehr. 9: 586, 1930. 


Klinge, F., and Fricke, G.: Experimentelle Untersuchungen iiber’” anaphylaktische 
Entziindung der Gelenke, Krankheitsforschung 9: S81, 1951. 
7. Ceeil, R. L., Nicholls, E. E., and Stainsby. W. J.: Etiology of Rheumatoid Arthritis, 
Am. J. M. Se. 181: 12, 1951. 











OBSERVATIONS ON THE ACTION OF CONGO 
ON NORMAL AND LEUCEMIC BLOOD* 





RED 


T. H. C. Bentans, F.R.C.S., Lonpon, Ena. 


HE following is an account of certain experiments undertaken to investi- 

gate the action of solutions of Congo red on blood cells and body fluids. 

Effect on Normal Blood.—If a small quantity of fresh blood is added to 
an equal volume of 2 per cent Congo red solution in an unwaxed glass tube, the 
mixture remains fluid and a microscopic preparation shows that neither the 
red nor the white cells take up the stain, and also that the phenomenon of 
coagulation has not taken place. The blood cells remain uniformly dispersed, 
and if the coverslip is sealed down they will remain so for many hours. If 
the mixture is made by pricking the finger through a drop of the dye and 
mixing rapidly with a waxed glass rod even the platelets may be found to 
be discrete. 

Effect on Leucemic Blood.—Ift blood from a case of myelogenous leucemia 
with a high white count is similarly treated and gently stirred, it quickly 
forms a thick, somewhat elastic gelatinous mass which lacks the firmness and 
solidity of a clot. With dark-field illumination and a high power objective 
no definite strueture ean be made out. The cells are arranged in rows or 
scattered diffusely throughout, but rouleau formation is not seen. The gel 
shows no obvious shrinking (syneresis) on standing and retains the dye for 
some time when suspended in water. When mixea with alcohol, it becomes 
granular and easily broken up, the dye then dissolving o t readily into water. 

If a similar specimen of leucemic blood is taken directly into the dye in 
a waxed capsule, so minimizing damage to the cells, the change does not oceur 
for some time. The gel formation thus has a relation to the presence of rup- 
tured cells similar to that obtaining in coagulation. It differs, however, in 
that the phenomenon can be produced by washed leucemic cells alone acting 
on the dye. On the other hand the serum from coagulated leucemie blood 
does not produce it, showing that the gel-forming substance is incorporated 
in the leucemie clot. Sinee cells of normal blood do not form the gel, it is 
clear that the gel arises from a dispersion through the dye of the contents of 
the primitive, easily ruptured, cells present in cases of leucemia. 

This reaction can thus be used as a simple clinical test for the diagnosis 
of active leucemia, either myeloid or lymphoid. 

Though this phenomenon occurs spontaneously with leucemie blood, it is 
not a specific reaction. It takes place because of the presence of many easil) 
ruptured cells. This accounts for the fact that scrapings from most of the 


*From the Pathological Department of the Prince of Wales’s General Hospital and Nort! 
Middlesex County Hospital. 
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cellular tissues of the body, which contain damaged cells, rubbed up with 
the dye give a similar result, and the same is true to a marked degree of 
purulent exudates. 

A portion of the gel, made from leucemie blood as described above, ex 
amined in a wet preparation shows that a few of the more primitive types, 
that is cells with relatively very large nuclei, have taken up the dye and the 
nucleus is deeply stained. The stained nucleus tends to expand and almost 
fill the cell, which may then rupture, the nuclear matter disappearing into the 
fluid, while the granules remain undispersed. Adult types of cell remain un- 
stained and may show no change even after several days’ exposure to the dye. 

It is well known that Congo red is an acid dye, the colored anion being 
negatively charged. For the sake of comparison, therefore, the following 
similar experiment was carried out with an electropositive dye. Leucemic 
blood was added to a 1/200 solution of methyl violet 6 B (a stronely eleetro 
positive dye) and the results were exactly the reverse of those obtained with 
Congo red. The cells were grouped, often massed together, both primitive and 
adult cells being deeply stained. In both types of cell the nucle: tended to 
be relatively small and concentrated into the center of the cell. In due course 
osmotic processes may occur and the cells rupture, but no gel is formed. 

It is clear, therefore, that the electronegative or acid Congo red dye acts 
as a dispersing agent both of the cell units and their contents, and the basic 
or electropositive dye as an aggregating agent. 

Effect on Bone Marrow.—Wet preparations from the femur of a three- 
month-old guinea pig stained with Congo red showed that the large megakaryo- 
eytes as well as some others of the primitive myeloid cells almost always take 
up the stain. The supporting stroma cells also stain deeply and at once, but 
adult myeloid and lymphoid cells remain unstained. 

Various explanations for the staining of these free primitive cells may 
be offered. They may be merely more fragile than the adult forms and be 
injured in the course cf preparation. They may carry a lower negative charge 
than the adult cells and thus be less repell nt to the electronegative ve. They 
may have a more permeable membrane and so allow the large molecules of 
dye to pass through. These three suggestions are automatically correlated in 
a physical sense and are what one might naturally expect of a young and 
crowing cell. 

The molecule of methyl violet which penetrates all cells rapidly is also 
very large but, perhaps on account of electropositive charge, it may agglom- 
erate the substance of the cell membrane (thus producing a wider fenestra- 
ion) in the same way that it aggregates the cell units and so render the 
nembrane more permeable. The nuclear substance acts as an ampholyte to 
both of these powerful dyes and stains deeply once penetration is effected. 

Effect an Coagulation of Blood in Vitro—When blood clots. the various 
lements appear to group themselves together in a definite sequence. First, 
he platelets come together, immediately the blood is shed; second, rouleau 
ormation takes piace, the larger surfaces of the red cells lying in apposition ; 
nd finally the protein particles form into threads. All these processes, as we 

ave seen, are prevented by Congo red. Specimens of the dye vary con- 
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siderably, but as a rule, a fresh preparation of Griibler’s stain will prevent 
coagulation if present in a total concentration of not less than 1 in 800. This 
was demonstrated in the following experiment: The dye in various dilutions 
from 1 in 50 to 1 in 400 was mixed in a capillary pipette in the proportion of 
one volume of dye to three of blood. The dye was drawn up to a mark first 
and the blood added directly from the finger, the mixture made on a slide, and 
incubated at 37° C. for fifteen minutes. 

No coagulation took place when the total concentration of the dye was 
1 in 800 or stronger. 

Effect on Serum Hemolysis and on Phagocytosis.—It was shown by Klop- 
stock’ and by Gordon? that Congo red inhibited the hemolysis of sensitized red 
cells by complement. Gordon also found that the dye could be removed from the 
mixture by adsorption with carbon, thereby restoring the activity of the comple- 
ment. Experiments similar to those of Gordon have given the same results, and 
an analogous inhibition was obtained when Congo red in a concentration of 0.5 
per cent was added to a mixture of phagocytes, normal serum and _ bacteria. 
This inhibition was not due to any deleterious action on the phagocytes. Ex- 
periments showed that a saline suspension of cells could be exposed for 
twenty-four hours to a 1 in 200 concentration of the dye and, after several 
washings in saline, their phagocytic powers remained unimpaired. 

The effect on the phagocytosis of bacteria sensitized with immune body 
was also tested. Antiserums were prepared in rabbits against Staph. aureus, 
Staph. albus, Bact. coli commune, and Bact. coli communior. After inactivation 
by heating for thirty minutes at 56° ©., the serums were tested for their 
opsonic effect on the homologous bacteria, in the presence of the dve and also 
in its absence. 

Phagocytosis was in all instances almost completely ablated by the dye, 
as in the case of normal unheated serum. 

Effect on Sensitization of Bacteria and Red Blood Corpuseles by Immune 
Scrum.—There are two processes concerned in phagocytosis due to an immune 
serum : 

1. The sensitization of the organism by the specific serum. 

2. The ingestion of the sensitized bacterium by a phagocyte. 

The following experiment shows that the heat stable opsonin (immune 
body) becomes attached to bacteria in the presence of Congo red, and that it 
is the ingestion of bacteria by the cells that is prevented by the dispersing 
action of the dye. A suspension of Staph. albus in saline containing a 1 in 206 
concentration of Congo red was sensitized with its homologous antiserum fo! 
thirty minutes at 37° C. A control suspension containing no dye was similar!) 
treated. Both suspensions were washed in the centrifuge, resuspended i 
saline, and appropriate amounts added to washed leucocytes without the ad 
dition of any more serum. 

The phagocytic index was practically the same in each case, showing tha 
sensitization of the cells had taken place in the presence of Congo red. Thi 
inhibition of phagocytosis must then be due to prevention of the ingestion o 


the bacteria by the phagocytes. 
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In a similar manner Broom and Brown® showed that the attachment of 
hemolytic amboceptor to red cells is not prevented by the presence of multi- 
valent anions although the hemolytic action of complement is inhibited, Gor- 
don? also found that red cells can be sensitized and that bactericidal antibodies 
become fixed to bacteria in the presence of Congo red. 

From the abeve experiments it appears that the inhibitory effect of Congo 
red is manifested in those processes which depend for their completion on the 
action of a heat labile (complementary) agent. 

The following experiment was, therefore, carried out to test whether a 
similar body is necessary for the coagulation of blood. A small quantity of 
fresh blood was placed in a waxed tube and immediately centrifuged at high 
speed for half a minute. The supernatant plasma was drawn off into two 
capillary tubes and the ends sealed. One tube was placed at once into a water- 
bath at 56° C. for fifteen minutes, and the second was kept at room tempera- 
ture. Both tubes were then incubated at 37° C. for a further fifteen minutes. 

The unheated sample of plasma showed a clear jellylike contractile clot, 
but the heated one remained unclotted though slightly turbid. 

It appears, therefore, that a heat labile body is essential in the coagula- 
tion of blood. 

Repetition of Gordon’s experiments on hemolysis have given substantially 
the same results though slight differences were found. In the present experi- 
ments red cells were sensitized with five minimal hemolytic doses of ambocep- 
tor in the presence of a 1 in 200 concentration of Congo red. The mixture was 
incubated for ten minutes in a water-bath at 37° C. The cells were then washed 
three times with saline, made up to a 5 per cent suspension and tested by the 
addition of varying amounts of complement and further incubation at 37° C. 
A control series was included to which no Congo red had been added but 
which otherwise had received the same treatment, 

The M.H.D. of complement was approximately the same in the two cases, 
provided the’ reading was made after incubation at 37° C. for one hour. It 
was found, however, that whereas hemolysis in the control series was complete 
in five minutes there was a long latent period in the case of the dye treated 
‘ells and lysis was only complete after about thirty minutes. 

Effect on Agglutination.—1. Standard serums (Group 3) for typing human 

blood were used in these experiments and red blood cells from a Group 2 
ndividual. No inhibition of agglutination occurred when the reaction took 
lace in the presence of concentrations of Congo red between 1 in 100 to 1 
1 1,600. It was noted in passing that under the microscope the appearance 
f the agglutinated red cells is quite different from that seen in coagulation 
here the cells form rouleaux by the apposition of their larger surfaces, 
hereas in agglutination they adhere in irregular masses. 

2. The action of Congo red on the agglutination of Bact. paratyphosus B 
by specific immune serum was also tested: the serum, at one-fifth of its titer, 
as made up in concentrations of the dye of 1 in 400, 1 in 2,000, and 1 in 4,000. 
le mixtures were incubated at 56° C. No reduction of agglutination occurred 
compared with normal controls of serum and bacterial suspensions in saline, 
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Effect on the Migration of Cells—tIn a previous paper (Benians*) it was 
shown that, if a few cubie centimeters of a thick emulsion of gum tragacanth 
are injected into the subcutaneous tissues of a rabbit, leucocytes migrate into 
the mass within a few hours. The presence of bacteria in the ‘‘fixation area’”’ 
increases the leucoeytie invasion. 

To test whether Congo red would affect this cell migration, the following 
experiment was carried out: 3 ¢.c. of a gum tragacanth emulsion containing 
5 by 10° staphylococci per ¢.c. was inoculated subcutaneously into the flank 
of a rabbit. Into the other flank was injected a similar mass which had, 
however, been made up in a 1 in 200 concentration of Congo red instead of 
distilled water. 

After twenty-four hours there was considerable swelling and edema on 
both sides. Each area was punctured, films were prepared from the exudate 
and examined microscopically. In the plain gum area, there was an abundance 
of cells mainly polymorphonuclear leucocytes, and many showed phagocytosis 
of the bacteria. On the Congo red side, on the other hand, there were only a 
few lymphocytes present, neither polymorphonuclears nor monocytes having 
invaded the gum. Many free bacteria were also seen and obtained in culture. 

Since it has been shown in a previous paragraph that immersion in the 
dye solution for twenty-four hours did not harm leucocytes, one cannot sup 
pose that these cells avoid the area because of any toxie effect from the Congo 
red. It would appear, therefore, that the dye overcomes the positive chemo 
taxis of the infected gum. 

Benians® also noted that these subcutaneous fixation areas of gum would 
extract from the blood stream certain bacteria, particularly members of the 
eoli typhoid group. This experiment was repeated with a Congo red gum to 
test whether bacteria are repelled in the same manner as leucocytes. Two 
rabbits were taken and one was inoculated subcutaneously in the flank with 
4 c.c. of a plain sterile gum tragacanth emulsion. The other was given the 
same quantity of sterile gum made up in a 1 in 200 solution of Congo red 
Six hours later each received 5 by 10° Bact. coli intravenously. 

When the two areas were punctured twenty-four hours later, the plain 
gum was found to contain many cells and a considerable number of Bact. coli 
In the Congo red gum, there were no cells but an abundance of bacteria could 
be seen. Cultures from both areas were positive but a much heavier growth 
was obtained in the Congo red exudate. 

It is evident, therefore, that Congo red does not exert the repelling action 
on bacteria that it does on leucocytes. 

After four days the plain gum area was an abscess cavity, containing 
many cells showing marked phagocytosis. Very few free bacteria were present 
and cultures gave only a few isolated colonies. The rabbit had wasted and 
appeared ill and was killed. Cultures from the heart blood, however, were 
sterile. The other rabbit which had received the Congo red gum was quit 
well and no abscess formed then or later. It is a curious paradox that the 
animal in which the bacterial infection had been apparently overcome should 
be in a worse state than the rabbit in which the bacteria were still multiplying 


freely. 
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DISCUSSION 


One finds thus that Congo red prevents coagulation, phagocytosis, and 
hemolysis but is without action on the sensitization of cells and the agelutina- 
tion of red cells and bacteria. The inhibition is seen only in those processes 
in which a heat labile body takes part, and it seems reasonable to assume that 
the action is primarily concerned with this agent. Broom and Brown’ at- 
tributed the inhibition of phagocytosis and hemolysis by potassium ferro- 
eyanide to an increase of the negative electric charge of the cells by the 
multivalent anions of the salt. Brown (personal communication) has also 
found that small concentrations of Congo red increase the negative charge 
of human red cells and washed bacteria. 

The interference by Congo red with the action of complement is associated, 
therefore, with an increase of the normal negative charge of the reacting cells 
and presumably of colloid particles, though it does not follow that the elec- 
trical aspect is the only factor to be considered. More generally one might 
say that Congo red exhibits a repelling or dispersing action in all these 
processes. Coagulation of blood and phagocytosis are obviously agglomera- 
tion effects which would be inhibited by dispersion of the reactine elements 
but, at first sight, it is difficult to consider hemolysis as a process of agglom- 
eration rather than of dispersion. It must be remembered, however, that what 
has to be considered is the mechanism by which the large molecules of hemo- 
elobin escape from the cell. It will then be realized that the essential change 
is in the cell membrane. If a grouping or agglomeration of the colloidal ele- 
ments of the cell membrane occurred, the interstices would be enlarged and 
the membrane become more porous. One cannot state definitely that such an 
agglomeration occurs in the membrane, but it may be significant that, observ- 
ing under dark-ground illumination the lvsis of sensitized blood by comple- 
ment, one notes the ghosts or cell envelopes grouped together, apparently 
intact and of normal size. 

SUMMARY 

1. A solution of Congo red inhibits coagulation of blood, phagocytosis and 
hemolysis, but is without action on the sensitization of red cells and on red 
cell and bacterial agglutination. 

2. It is suggested that these effects can be explained by the dispersing 
action of the dye on colloid particles. 

3. When mixed with leucemic blood Congo red forms a gel. This reaction 
ean be used as a simple clinical test for active leucemie conditions. 

I am greatly indebted to Dr. J. C. Broom of the Wellcome Bureau of Scientific Research 
for his help in coordinating these data. 
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THE ELECTROPHORETIC: MOBILITY OF HUMAN ERYTHROCYTES* 





K. Pierre Dozois, M.S... Pu.D., AND Frank W. Haciren. M.D... Baurimore. Mp. 


INCE the electrophoretic mobility of erythroeytes is determined by certain 
surface characteristics of the cell, in order to determine what effect patho- 
logic conditions may have on this surface, it is necessary first to know the 
average electrophoretic migration velocity of human erythrocytes. Several 
workers have recently reported investigations concerning the electrophoretic 
mobility of mammalian erythrocytes. Kosaka and Seki (1921) and Abramson 
(1929) have reported a difference in the migration velocity of the red blood cells 
of different mammals. The fact that race, sex and age have little influence on 
the zeta potential of the erythroeytes has been demonstrated by Abramson 
(1929). Although Sehroeder (1927) has shown that the various Landsteiner 
groups have essentially the same electrophoretic migration velocity, we have 
included this phase in our investigation. 
We have been unable to demonstrate a marked day to day variation in the 
migration velocity of the erythrocytes of a single individual. Although varia 


tion does occur, this variation is well within the limits of error and is not a faetor 





which might alter the results. 
METHOD 


As in our investigations on the electrophoretic migration of various micro- 
organisms (1936), the migration velocity of the red blood cells was determined 
by means of the Kunitz modification of the Northrop-Kunitz microcataphoresis 
cell (1928), with a Bausch and Lomb 8&8 mm., 0.5 n.a., 21X objective and a 10X 
eve piece. Readings were made at two stationary levels, i.e., 0.21 and 0.79 of 
the inside depth of the cell. The observations were made immediately after the 
cell was filled. An applied potential of 97.5 volts, which gave a potential drop 
through the cell of 41.3 volts, was used. Twenty observations were recorded, 
ten with each polarity of the field. The average of these observations is the 
electrophoretic migration recorded. The migration velocities are expressed in 
terms of seconds per 0.5 mm. 

The erythroeytes were collected from 222 medical students who were, ap 
parently, in good health. The blood cell suspensions were made by adding 0.1 
ml. of freshly drawn blood to 75 ml. of M/15 phosphate buffer solution of pH 
7.4. The cells in this medium were negatively charged and migrated to th 
anode. Our observations agree with those of Abramson (1929) that the volum: 





of blood added, within reasonable limits, does not interfere with the uniformit) 
of the results obtained. Small clumps of cells migrated with the same spee 


*From the Department of Bacteriology, University of Maryland School of Medicine. 
neceived for publication, June 23, 1936. 
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as single cells. The electrophoretic migration velocities were obtained at room 
temperature, between 21° and 27° ©. 

Although most of the observations recorded were made within a short time 
after the suspensions were prepared, in many instances the suspensions were 
kept for twelve to fourteen hours. We have found that the suspensions may be 
held for as long as twenty-four hours at 37.5 ©. or for as long as forty-eight 
hours at 5° (. with no significant chanee in the zeta potential. 

A frequent and careful comparison was made of the blood in question with 
a control blood. The blood ol one of us Was used as the control, A specimen 
of this blood was run through the apparatus before and between the other de 
terminations and in case of a signifieant variation of the control the apparatus 
was completely cleaned and reset. When such variations did occur, they were 
traceable to faulty technique. 

Within any one specimen a variation in the migration velocity of the 
erythroeytes was constantly found. When this variation exceeded © 0.2 seconds 
from the average, another specimen was obtained and the work repeated. Of 
the twenty observations recorded most were within a limited range of velocity 
but a few were identical. 

RESULTS 


The mean electrophoretic migration velocity of the erythroeyvtes from 222 


adult individuals was found to be 22.6 — 0.1 seconds per 0.5 mm, with an applied 
voltage of 97.5 volts. Although the calculated probable error is’ but 0.1 
seconds, in view of the various factors of technique the actual probable error 1s 
considerably greater and is about 0.5 seconds. Irrespective of the blood 
groups it has been found that 86.6 per cent of the cells studied were within the 
range of the aetual probable error. 

All attempts to correlate electrophoretic migration velocity with the Land- 
steiner groups proved futile. A short series of cross-agglutination tests has 
been made to determine whether or not individual bloods within a group that 
showed a wide variation in electrophoretic migration velocity could be matched. 
Within Group IV one specimen with a slow migration velocity failed to mateh 
one with a rapid velocity. This is the only instanee in which this condition 
occurred. However, these results are not conclusive and more detailed work is 
necessary to determine any correlation of migration velocity with blood mateh- 
ing. 

A measurable day to day variation was not obtained in the electrophoretic 
migration of the red blood cells from one individual. Frequent observations 
of velocity of the ervthroevtes from the individual used as a control show a 
marked uniformity which continued over a period of months. This work was 
earried on over a period of some ten months during which at least 3 determina- 
tions were made on each of the 222 individuals observed. In no instance was 
a variation found that exceeded the actual probable error. of velocity. The 
effects of various types of infection on the migration velocity of the erythrocytes 


will be the subject of further investigation, 
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SUMMARY 


1. The electrophoretic migration velocity of the erythroeytes from 222 adult 

individuals was found to be 22.6 seconds with a calculated probable error of 

0.1 seconds per 0.5 mm. with an applied voltage of 97.5 volts; 25.3 per cent 
of the cells studied were found to be within this range. 

2. The migration velocity with the actual probable error was found to be 
22.6 + 0.5 seconds and 86.6 per cent of the cells studied came within this range. 
3. The electrophoretic migration velocity is a relatively constant factor 
of the ervthroeyvtes of the adult individual. A significant day to day variation 
was not observed. 


4. There is apparently no correlation between the migration velocity and 





the Landsteiner groups. 
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DOES ASPIRATION BLOPSY OF TUMORS CAUSE DISTANT 
METASTASIS ?* 


J. McLean, M.D., ann K. Suarura, Sc.D., New York, N. Y. 


EARS must elapse before this question can be answered definitely by data 

from collected clinical cases. This experiment was carried out to secure 
information which might be obtained now, using the method of aspiration 
under the conditions given below. 

Transplanted malignant tumors in mice and rats metastasize to the lungs 
and liver and other distant organs in a percentage of the cases. Our problem 
was to determine if this percentage would be increased by subjecting these 
transplanted tumors to the procedure of aspiration biopsy. 

We should have preferred to use animals having spontaneous tumors, but 
we could not obtain a sufficient number of these. So we did these experiments 
on rats and mice into which we transplanted malignant tumors that we keep 
continually in vivo in the laboratory animals. The Flexner-Jobling rat ear- 
cinoma and mouse sarcoma 180 were selected. These tumors are widely used in 
laboratory work; and their characteristics and effect on the host are well known. 
We included in these results only animals in which the tumors grew progres- 
sively. Those animals that died considerably before the average for animals 
so treated were excluded from the figures. 

The rat carcinoma implant attains a diameter of 1 em. in two weeks: and 
death occurs usually after eight weeks when the diameter of the tumor is 


*From the Memorial Hospital. 
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MC LEAN-SUGIURA: ASPIRATION BIOPSY OF TUMORS CAUSE METASTASIS 1255 


about 2.5 em. The mouse sarcoma tumor implant has a diameter of about 1 
em. in seven days; the animal lives about three weeks, when the tumor is about 
2 em. in diameter. Death occurs due to pressure necrosis of the overlying skin 
followed by infection and emaciation. The carcinoma is prone to central necrosis 
in the tumor; the sarcoma is not. All animals had the same diet and environ- 
ment. 

The animals bearing growing transplants were divided into two groups. 
The members of one group were subjected only to the usual course of the tumor 
implants. The tumors of the other animals were aspirated as described below. 
For each member of the aspiration group there was a member of the control 
group of the same strain, age, and sex, bearing the same tumor material 
implanted at the same time. 

In the control group, the 41 rats with carcinoma implants lived an average 
of fifty-eight days after tumor implantations. The 14 rats whose tumors were 
aspirated lived an average of fifty-four days. Fifty-one mice controls lived an 
average of twenty-five days after sarcoma implantations, as did 49 mice with 
aspirated tumors. Rats which died before the thirty-fifth day, and mice which 
died before the eighteenth day were excluded from the results, for the time 
interval was deemed too short for the growth of metastases. 

There were 155 animals bearing 310 tumors whieh survived long enough 
to be ineluded in this report. Of these 155 animals, 63 animals bearing 126 
tumors were aspirated. We implanted a larger number of tumors that we did 
not aspirate in order to secure additional data on the percentage of occurrence 
of distant metastases in nonaspirated tumor bearing animals. 

The experiments were completed in a period of six months. 

The technique of implantation is described in detail elsewhere.’ In brief, 
the method is as follows: healthy animals bearing tumors which have **taken”’ 
and grown without regression, and in which the skin, especially the skin over- 
lying the tumor, shows no signs of infeetion or necrosis, are sciected. The tumor 
is aseptically excised, divided by the scalpel, and a small piece, haying a volume 
of the cube of 2 mm. is selected and sectioned from the growing periplieral por- 
tion. This material is inserted into the pointed end of a trocar. The trocar is 
introduced subcutaneously, with surgical technique, into the anterior abdominal 
wall; the point of the trocar is advanced cephaladward until it occupies a sub- 
cutaneous position between the bony chest wall and the skin. Then the ob 
turator is advanced, causing the tumor material to lodge in this location, whieh 
is a considerable distance from the portal of entry of the troear in the abdominal 
skin. Tumor material was implanted on both sides of the anterior chest wall. 

Aspiration of the tumors was commenced when they had attained a diameter 
of about 1 em. We desired to aspirate as soon as possible so that a possible 
metastatic deposit would have sufficient time to grow before the death of the 
animal occurred. However, the technique of aspirating these small tumors, in 
such lively animals, only lightly nareotized (to avoid anesthesia mortality), is 
diffieult. 

The aspirating of the tumors was done with a No. 18 gauge needle and a 


Record syringe according to the method deseribed in detail elsewhere.* In 
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the beginning we aspirated both tumors of each animal by advancing the needle 
point in three directions within the capsule. This procedure was repeated on 
the seeond and on the third day thereafter. The animal was then allowed to 
live as long as it could without further tumor aspiration. The autopsies on these 
early experiments did not reveal any inerease in the percentage of metastases 
In the aspirated animals over the nonaspirated control animals. We ther 
commenced aspirating the tumors every day for as many as eight or ten sue 
cessive days. And when the tumors had attained a 2 or 3 em. diameter many 
more strokes than 3 were used in each aspirating period. Thus in the last 86 
tumors aspirated the contents of the capsule were literally hashed. Due to the 
very cellular nature of these tumors, we were always able to secure a ** positive” 
aspiration. A needle full of tumor material was yielded by our later forcible 
aspirations, 

At death the aspirated animals were examined for metastases as were their 
eontrols. The contents of the pleural and abdominal cavities were examined 
with a magnifying glass for evidence of metastasis; and the lungs and liver 
were sliced throughout and so examined. Any tissue showing macroscopic 
evidence of a metastatic deposit was fixed in formalin and verified by mieroscopie 
examination. We lacked the technical services required for a serial section 
search for microscopic metastasis. We believe that these fast-growing malignant 
cellular growths would quickly attain a size easily visible to the eve during the 
weeks following aspiration if metastasis had occurred. 

We do not report on regional metastasis in this work because we were 
forced to use transplanted tumor material. The original small implant may 
have some of its outer cells carried to regional nodes even before the residue 
which survives and ‘*takes,”’ forms its capsule and grows as a tumor. Double 
tumors, and sometimes a series of tumors, forming from a single implantation 
of tumor material are not uncommon, due to fragmentation of original implant. 
Thus regional metastases are excluded from the report. 

In performing the aspiration we introduced the needle through healthy skin 
1 or 2¢m. from the periphery of the tumor; and then advanced it subeutaneously 
up to and through the tumor capsule. The needle containing aspirated tumor 
material was withdrawn, of course, by the same route. 

At autopsy, our first examination was directed to the subcutaneous area 
surrounding the tumor, that is, the area which was the site of the multiple 
needle routes. Careful dissection and inspection with a magnifying glass 
showed no evidence of implantation of tumor material along the needle track; 
and over 894 separate aspirations were done on the 126 tumors. The eneap- 
sulated tumor was then examined. The capsule showed no puncture defects, 
nor were any tumors found growing out from the transplanted tumor, through 
the capsule. 

The tumor was then eut through its largest diameter and the cut surfaces 
examined for hemorrhage and effeets of laceration due to the needle point. The 
usual central necrosis in the carcinomas precluded the forming of an opinion 
about this; but in the sarcomas we were surprised to find no remaining effects 
of the passage of the needle. If any had been present they had healed in the 
time elapsing between the date of the last aspiration and the death of the animal. 
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The thoracic and abdominal organs were then examined in situ for e@ross 
evidence of metastasis, then the lungs and liver removed, and finely sliced. The 
surfaces of the slices were carefully examined with the magnifving glass. Tissue 
containing gross evidence of metastatie deposit was fixed in formalin and pre- 
pared for verification by microscopic examination. 

Both the aspirated tumor bearing animal and its nonaspirated tumor bear- 
ing control were autopsied at the same time. As soon as one of this pair died 
the other was killed by ether. In a few cases we killed both, when one or both 
became moribund. 

The results, given in Table I, showed that 92 animals bearine 184 non- 
aspirated tumors had 20 proved distant metastatic deposits, while 63 animals 


bearing 126 tumors aspirated over 894 times, showed & metastatic deposits. 


rABLE | 
RELATION OF REPEATED ASPIRATIONS OF Rat CARCINOMA AND Mouse SARCOMA. TO 
PRESENCE OF DISTANT METASTASIS AT DEATH 
NO. OF ruUMOl 
NUMBER Of} ISTANT METASTASIS 
ANIMALS rIsSu} 
ASPIRATIONS 
SED SED MEDIASTINUM LUN OTHER VISCERA 
+] FR¢ Controls 12 2 0 
14 FRC 3-S times 0) 0) 0 
51 Sar. TSO Controls () () 0 
19 Sar. ISO »-10 times 4} » ‘) 


CONCLUSIONS 


Moderate or excessive aspiration biopsy procedure performed repeatedly On 
transplanted rat carcinoma and mouse sarcoma does not increase the percentage 
of distant metastases; nor does it produce any demonstrable damage to the 


tumor capsule or result in implantation of the tumor along the needle tract. 
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HYPOGLYCEMIA* 





INFILTRATION OF THE LIVER WITH 


RAYMOND H. GoopaLe, M.D., WorcEster, Mass. 


ECONSTRUCTION of the pathologie physiology from an autopsy makes 
the findings much more interesting and instructive. The following case 
illustrates the pathologic physiology of one and possibly two of the many fune- 
tions of the liver. 
REPORT OF CASE 


History \ thirty-two-vear-old American housewife was admitted to the hospital in a 
comatose state. She was found lving unconscious on the floor. She was sent to the hospital 
about five hours later. She had been a confirmed alcoholic for the past fifteen vears. In 
addition to hard liquors she had been drinking beer for the past month. On the day of 
admission she had drunk about one quarter of a pint of hard liquor and had eaten very little 
food. Her husband stated that she developed black and blue areas easily, following minor 
injuries. There was no history of diabetes or of insulin injections. 

Physical Examination.—The patient was uncooperative and semicomatose when the 
physical examination was made. The pupils were dilated, and the face appeared swollen. 
There was no clinical jaundice. The breath was sweet. The mucous membranes were blue. 
There were ecchymotic spots on the chest, the right flank, and on the right hip. The pulse could 
not be felt. The heart sounds were heard with great difficulty. The blood pressure could not 
be obtained in either arm. 

The epigastrium was rigid. The liver was palpable 7 em. below the costal border. 
The extremities were cold, cyanotic, and somewhat spastic. Reflexes were present and normal. 

Laboratory Findings.—The red blood count was 4,550,000; hemoglobin 80 per cent; 
white blood count 13,000, The differential count showed normal percentages. The nonprotein 
nitrogen was 54.2 mg., and the blood sugar was 25 mg. per 106 ¢.e. The Hinton and Kahn 
tests were negative. 

Intravenous 10 per cent vlucose was given, but the patient died soon after it was started, 


five hours after admission. 


Autopsy.—An autopsy 4 lone eleven hours after death. For the sake of brevity only 
the positive findings will be given. The brain weighed 1,220 gm. The pia arachnoid showed 


marked edema. The liver weighed 2,050 gm. It was enlarged 7 em. below the right costal 
border. The lower edge was rounded. It was yellow throughout. The anterior surface 
of the lower part of the right lobe was slightly granular. On section it cut with some difficulty. 
Frozen sections of the liver were stained with Sudan III. Paraftin sections were stained 
with hematoxylin and eosin. Examination of these sections showed that the cytoplasm of all 
liver cells was replaced with fat. The nuclei were round, located in the centers of the cells, 
and did not appear degenerated. The cells of the bile capillaries and the Kupffer cells ap 
peared normal. The pancreas and adrenals, both of which influence the blood sugar level, 
were normal. 


DISCUSSION 
Glycogen Storage.—Of the various functions of the liver, that pertaining 
to glycogen formation and storage concerns us here. In the liver glycogenesis 


and glyeogenolysis are going on continuously. The actual deposition of glycogen 


*From the Department of Pathology, Worcester City Hospital. 
Received for publication, February 1, 1957 
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is the resultant of these two processes. Blood glueose is transformed into 
glycogen and is stored as such in the liver. Glycogen is formed by the liver 
from other substances such as ‘‘ galactose, amino acids, lactic acid, dihydroxy- 
acetone and possibly glycerol and fatty aeids,’’ according to Wiggers.! The 
liver apparently possesses the regulatory power of storing or releasing glycogen 
in order to keep the blood glucose at a constant level. 

Gilyeogen is also deposited in the muscles and in the skin. However, the 
elycogen of the muscles ean be used only for muscular contraction and cannot, 
therefore, be used as a reserve supply when the liver is exhausted. The small 
amount in the skin is readily available for use by simple diffusion into the blood. 
It does not, however, Serve as a reservoir for olyeogen as does the liver. 

Hypoglycemia. Hypoglycemia may result from (1) hyperinsulinism? pro- 


dueed by a tumor or hyperplasia of the islets of the pancreas; (2 


hy podermie 
injections of excessive amounts of insulin; (3) terminal diabetes; (4) alimentary 
hypoglycemia following ingestion of food; (5) loss of hormones which have a 
neutralizing effect or antagonisiie action against insulin, e.g., in adrenal in- 
sufficiency, pituitary dysfunction, hypothyroidism or a combination of these; 
6) renal diabetes; (7) lactation and pregnancy; (8) muscular dystrophy; (9 
fatigue; (10) infections; (11) terminal hypoglycemia; and (12) destruction of 
the liver as in aeute vellow atrophy,* also in extensive fatty infiltration of the 
liver following the toxic¢ action of chloroform, phosphorus, arsenicals* or alcohol. 

The ease described above illustrates hypoglycemia with death following the 
destruction of the glycogen storage function of the liver by fat infiltration ap- 
parently due to the toxie effect of excessive alcoholic intake over a period of at 
least fifteen years. When the glycogen storage function of the liver is impaired, 
fat infiltration is increased. The reason for this is not clear. One wonders 
whether or not the liver could have been restored in part to its normal function 
if the patient had survived this hypoglycemic crisis. 

Fibrinogen.— Another evidence of liver damage in this patient was the 
presence of ecchymotie spots on the chest, right hip, and right flank. These 
confirmed the husband's statement that she developed ‘‘blaeck and blue’’ areas 
following minor injuries. It is generally accepted that fibrinogen is formed in 
the liver. With complete fat infiltration of the liver, fibrinogen manufacture 
would supposedly cease and consequently the blood fibrinogen would reach a low 
level. 

There was no clinical evidence of loss of other liver functions. However, 
there would undoubtedly have been an inerease in blood urie acid and a decrease 
in urea nitrogen if these tests had been done. No urine was secured to examine 
for leucine and tyrosine crystals. 

SUMMARY 

A ease of hypoglyeemia with death is deseribed following complete fat 
infiltration of the liver in a thirty-two-yvear-old female who was a confirmed 
aleoholic. A short time before death the blood sugar was 25 mg. per 100 e.e. 

The cessation of the manufacture of fibrinogen by the liver was evidenced 


by eechymotie spots on the trunk. There was no clinical evidence of the loss 
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of other liver functions. Other laboratory procedures such as blood urea and 


uric acid were not done because of oversight or the urgeney of immediate treat- 


ment. 
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EFFECT OF INTERMITTENT VENOUS OCCLUSION ON THE 
CIRCULATION OF THE EXTREMITLES* 


STUDIES OF SKIN TEMPERATURE 
Epgar V. ALLEN, M.D... ANd Robert E. McKECHNIE, M.D., RoCHESTER, MINN. 


ECENT reports’? have indicated that intermittent venous occlusion is valu- 
able in the treatment of chronie occlusive arterial disease. It was to deter- 
mine the effects on the cireulation, as indicated by changes in skin temperature, 


of intermittent venous obstruction that our studies were undertaken. 


METHODS OF STUDY 


The environmental temperature and humidity, the ingestion of food and 
water, nervousness, apprehension, sleep, exercise and other factors influence 
the temperature of the skin. For example, the temperature of the skin of the 
toes might increase if any procedure were carried out after breakfast, the 
increase resulting from the ingestion of food and not from the specific procedure. 
Determinations of the temperature of the skin for testing the effect on circula 
tion of a procedure such as intermittent venous obstruction should be carried 
out only under conditions which eliminate as many as possible of the factors 
mentioned. 

In our studies subjects who had not had food or water for at least six hours 
prior to beginning the study lay quietly in a room, the temperature and relative 
humidity of whieh were constant within one degree, for one hour before the 
study was begun. The intermittent venous occlusion was then carried out! * 
by placing a sphygmomanometer cuff about the leg above or below the knee and 
inflating it to a pressure of 30 to 90 mm. of mercury for two minutes, and then 
deflating it for two minutes. This alternate inflation and deflation was con 
tinued for periods as long as two hours. The temperature of the digits was 
measured with an electric thermometer, the thermocouples of which were placed 


on the skin of the terminal phalanges. 





*From the Division of Medicine, the Mayo Clinic and the Department of Surgery, the 
Mayo Foundation. 
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Nine patients without impaired cireulation to the lower extremities were 
tested with the pneumatic cuff below the knee, pressure in the pneumatic cuff 
varying from 30 to 60 mm. of mereury in the various studies. The average room 
temperature was 24.6° C., the average digital temperature 29.4° C., when inter- 
mittent venous occlusion was begun. At the end of an hour of the procedure 
recommended by Collens and Wilensky, the average skin temperature was 29.7 
(*.; at the end of two hours it was 28.8° C. The lowest average skin temperature 
during the study was 28.6° C., the highest average skin temperature in the nine 
cases being 30.5° C. Ina study of the effeets of the procedure on the circulation 
of the toes of three patients with chronie occlusive arterial disease, the average 
temperature at the beginning of the studies was 29.5° (C., the average room tem- 
perature being 24.9° (., and the average temperature after one and a half hours 
of treatment was 30.25 € 

In subsequent studies the pneumatic cuff was placed above the knee and 
pressures of 60 to 90 mm. of mereury were used. In studies on five patients 
with hypertension or arthritis which were carried out for periods of one to 


two hours, there were increases of O.S° (.. 0.6° C. and decreases of 3.2° €.. 0.5° C., 
and 0.2° (., respectively. In studies of five patients with arteriosclerosis 
obliterans, for two hours, the temperature inereased 0.9° C., and 0.2° C. and 
deereased 0.7° €., 0.9° (. and 1.0° (,, respectively, 

The results in individual studies did not show any consistent vasodilatation 
as evidenced by an increase in the temperature of the skin. Fluctuations from 
the basal temperature at the beginning of the experiments were minimal and 
probably those which would occur if intermittent venous compression had not 
been used. If the increases in lemperature oceasionalls noted are to be accepted 
as evidence of vasodilatation resulting from intermittent venous occlusion, the 
deereases not uncommonly noted might perhaps be accepted as evidence of 
vasoconstriction induced by intermittent venous occlusion. It appears from 
our studies that intermittent venous occlusion does not cause vasodilatation 


under the circumstances of our studies. 
SUMMARY 


A study of the effeets of intermittent venous occlusion on the skin tempera- 
tures of nineteen patients with or without occlusive arterial disease did not dis- 


close evidence of significant or consistent vasodilatation resulting from the pro- 


cedure. 
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\ PHOTOGRAPHIC METHOD FOR VISUALIZING THE SHAPE 
OF THE RED BLOOD CELLS* 


RusseLt L. Hapex, M.D... CLEVELAND, OHIO 


IK shape of the erythrocyte is best seen in a diluted fresh preparation, as 

for instanee in a counting chamber. Normally, the cells are remarkably 
uniform bieoneave disks. In the anemias characterized by a congenital ab- 
normality in the shape of the erythroeyte, spheroeytes (congenital hemolytic 
icterus ), sickloes tes (sickle-cell anemia), and ovalocy tes (oval-cell anemia) oceur 
either as the predominant cell or mixed with cells of normal shape. In sickle- 
cell anemia, bell-shaped corpuscles can be demonstrated also, Many variations 
of the biconeave disk are found, such as the flattened cell of obstructive jaundice 
and the mieroeyte of hypochromie anemia with a very thin center and elevated 
margin. 

No simple method has been utilized for recording the shape of the red 
cell. While fitting together the positive and negative plates made by the Finlay 
color process, | found that the cells can be made to stand out in relief, thus 
giving a stereoscopic effect. To produce this effeet the glass plates are matehed 
with the emulsion side of both the positive and negative plate outside so as to 
give the impression of depth. Ordinary films eannot be used as the positive and 
negative images must be well separated. After the proper adjustment, the plates 
are fastened together with airplane cement and used for demonstration in a 
viewing box or for making prints (Fig. 1) 

Since demonstrating this stereoscopic effect 1 have found that the same prin- 
ciple was used long ago with glass x-ray plates to show depth. The bas-relief 
commercial photographs are produced in the same manner. Photographs of 
different types of red cells are shown in Fig. 1. These illustrate the use and 


value of the procedure. 





*From the Cleveland Clinic. 
Received for publication, February 20, 1937. 
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Fig. 1. 1, Normal red cells (500). 2, The typical shape of the red cells in a marked 
macrocytic and hypochromic anemia (500). 8, The spherocytes of congenital hemolytic 
icterus (500). Note the entire absence of the normal central depression. 4, The red cells 
in sickle-cell anemia ( 500). Note the small elevated area in the center of many cells which 
are in reality bell-shaped. 45, A higher magnification (1100) of spherocytes (congenital 
hemolytic icterus). 6, The flattened cell of obstructive jaundice for comparison with the 
spherocyte. 











DYES FOR ROMANOWSKY STAINS* 


A REVIEW OF THE LITERATURE 


DANIEL M. Kinestey, Pu.D.. M.D... New Orveans, La. 


1. INTRODUCTION 


N THE forty-six vears that have elapsed since Romanowsky stains first 

came into use, general understanding of the principles of the technique has 
progressed very little. Poor stains are often obtained with the same solutions 
that at other times vield entirely satisfactory preparations. Usually, one 1s 
at a complete loss about either the cause or remedy for such results because 
many unknown variable factors are acting simultaneously, and criteria for 
evaluating them have not been established. 

Two closely connected reasons account for this state of knowledge about 
Romanowsky stains. First, the large amount of chemical investigation done 
on the dyes used has not come to the attention of sufficient numbers of hema- 
tologists. Second, experimental data on the factors concerned in obtaining 
a good stain have been lacking. While MaceNeal’s (1906 b, 1925) reviews are 
excellent, they, of course, omit recent developments as well as some points of 
special interest for a forthcoming paper on factors in Romanowsky staining. 
Conn’s (1930, 1936) summaries are also of great value, but are very brief and 
based largely on MacNeal’s. These are the only general reviews of the sub- 
ject in English, although certain aspects are covered by other papers, such as 
those of Proescher and Krueger (1924) and Scott and French (1924 a, b). In- 
deed, nowhere in the literature is there a modern comprehensive treatment of this 
subject. The present publication represents an attempt to fill this need, leav- 


ing, however, certain technical points for future discussion. 


2. CHEMICAL STUDY OF ROMANOWSKY STAINS 


Chemical analysis of Romanowsky stains began with Malachowski (1891), 
who realized that some useful metachromatic dye was formed from methylene 
blue during the polychroming process. Opinions about the nature of this sub 
stance differed because of inadequate chemical knowledge. Unna (1891) 
initiated its isolation, separating it as a reddish dye soluble in ether, but 
Nocht (1898; 1899 a, b; 1901) studied it much more thoroughly. Not being 
able to identify it with certainty, Nocht did not commit himself and merely 
called the dye *‘Rot aus Methylenblau,’’ because of its color in chloroform. 
The formation of this substance was then utilized as an indication of ripeness 


of polychromed methylene blue solutions. 
*From the Department of Anatomy, Louisiana State University Medical Center. 
Received for publication, September 18, 1936 
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Years previously, in 1885 and 1889, Bernthsen had published purely 
chemical studies of alkaline (silver oxide) oxidation products of methylene 
blue, a dye discovered by Caro in 1876. Bernthsen’s solutions were similar to 


those used by hematologists, and his method for polychroming was used later 


by Laveran (1899; 1900). In these studies, methylene blue was found to be 
Methylene Blue Methylene Azure B 
H 
CH “CH 
( s),N S ANG H,). (cH,)N S = 3 
N : —N 
Symmetrical Dimethyl Thionin Methylene Azure A 
4 it 
a Ss N-CH ‘H 
chs Yel ’ (CH,)N S Ne 
N N 
Methylene 
Azure C 
CHAN Sy eNH 
‘ey 
N 
Methylene Violet Thionin 
H 
(CH,),N S =O H.N S o> | 
N N 
Eosin Y 
Toluidine Blue Br 
ra N AH, Nao oO °o 
(cy s i 
N cH, Br Br 
cCooNe 
Phloxine Erythrosin, yell. 
B er 
° O° Nao oO ° 
Br € Br Cc 
cA ©ONa Cc OONa 
cq} 


oxidized to methylene azure. Further action changed these two dyes to 
methylene violet. Other more highly oxidized dyes were also found, as well 
as some compounds of unknown structure. Bernthsen’s work, like subsequent 
publications by his students, escaped the notice of hematologists until 1901. 
At that time, Michaelis, under the direction of Paul Ehrlich, learned of these 
researches and made the first application to hematology. ; 

The structural formulas of the dyes are given at this point to facilitate 


frequent reference. The paraquinoid forms of the formulas are shown, al- 
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though there is evidence that the orthoquinoid forms may be present also. 
It is evident that on each benzene ring, three hydrogen atoms have been re- 
placed by other atoms or groups. Of the three replacing groups, two possess 
double bonds linking them to the same benzene ring. The terms para- and 
orthoquinoid refer to the relative positions of these two double bonds.  Prac- 
tically, the paraquinoid form indicates salt formation through a pentavalent 
nitrogen atom, while the orthoquinoid form indicates salt formation through 
a tetravalent sulphur atom. Most probably a tautomerism exists between the 
two forms (Ilantzsch, 1906; Kehrmann and Schaposchnikoff, 1897; Kehr 
mann, 1906 a, b; Kehrmann, Havas, and Grandmougin, 1918 a, b; 1914; Pum- 
merer and Gassner, 1913; Giemsa, 1922-1923; Clark, Cohen, and Gibbs, 1925; 
MaeNeal and Killian, 1926). 

Michaelis concluded that of the various substances present in polychromed 
methylene blue only methylene blue itself and methylene azure were useful 
in staining blood smears. Ile stated that methylene azure alone stained nucle 
metachromatically, although eosin hastened this action, and methylene blue 
served as a contrast stain for the evtoplasm. His tests showed that poly- 
chromed methylene blue was composed mainly of these two useful basic dyes, 
with no methylene violet discernible. He, therefore, retained polychromed 
methylene blue as an easily available source of the necessary basie dyes, and 
advocated a stain similar to Nocht’s, which consisted of aqueous solutions of 
eosin and polychromed methylene blue. 

Giemsa (1902 a), under the direction of Nocht, became the first investigator 
to insist on stains made only with chemically purified basie dyes instead of 
with variable polychromed methylene blue solutions. While he agreed with 
Michaelis that methylene azure was important and methylene violet useless, 
he went farther in declaring that methylene violet was definitely detrimental. 
Contrary to Michaelis, he found it to be present in polyvchromed methylene 
blue. He explained Michaelis’s failure to find this dve as being due to the 
fact that the latter had employed tests which were so inaccurate that as much 
as 40 per cent of methylene violet might be mixed with methylene azure and 
vet not be detected. Giemsa’s experiments corroborated Bernthsen’s results 
regarding the difficulty of controlling the decomposition of methylene blue 
by alkalies, so that in the polychroming process the simultaneous formation of 
the deleterious methylene violet together with the essential methylene azure 
could not be avoided. To exclude methylene violet, Giemsa, therefore, recom- 
mended the use of purified dyes instead of polvehromed solutions. 

Thus, although both Michaelis and Giemsa intended to employ pure 
methylene blue and azure together with eosin in their stains, only Giemsa 
achieved the desired result. 

Continued research by Giemsa resulted in the discovery of an inexpensive 
way for preparing pure azure, which was then sold by the Griibler Company 
as azure I. A mixture of equal parts of azure I and methylene blue was called 
azure II. Giemsa’s (1902 b) stain at first consisted of separate aqueous solu- 
tions of eosin and azure II which were mixed just before use to form eosin- 
azure II, the active stain. In 1904 the technique was simplified by dissolving 
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azure II plus the compound dye, azure I]-eosin, in methyl aleohol and glycerim. 
This stock solution, diluted ten times with water before use, was obviously a 
more scientific stain than all previous ones, since only known chemicals were 
used. Yet, Giemsa never published his method for preparing azure I, which 
therefore had to be purchased from Griibler. Nor did he reveal his method of 
making azure I]-eosin, although he outlined a procedure to purify azure and 
stated the proper proportions of dyes required. Giemsa’s failure to explain 
his methods fully has evoked disapproval by other investigators. Scott, 
Thompson and Hydrick, for example, remarked (1911, pp. 320, 321): **'To 
publish as he has done the results of a secret process in the guise of a scientific 
paper merits the severest condemnation. ”’ 

At this period of development, the chemical phases of hematologic 
technique were so little understood that May and Griinwald (1902) suggested 
a method almost identical with Jenner’s (1899), which was then three years 
old. Actually, it is the same as Leishman’s (1901) improvement of Jenner’s 
technique. Since this was not a Romanowsky stain, May several years later 
(1906) utilized current developments to improve the May-Griinwald technique 
by following it with the use of methylene azure. This procedure was con- 
demned by Viereck (1906), but it influenced Pappenheim (1906) to present a 
combination of the May-Griinwald and the Giemsa stains. In the following 


1911 a, b; 1912 a) modified the details of its use several 


years Pappenheim 
times. The May-Griinwald-Giemsa technique utilizes the eosinate of methylene 
blue in pure methyl aleohol (May-Griinwald solution) for fixation. The solu- 
tion is then diluted with water for staining, and followed by the eosinates of 
methylene blue and methylene azure A in an alcohol-glycerin-water solvent 
(Giemsa’s stain). This arrangement appears highly illogical and based on 
empiricism. Its main difference from Giemsa’s stain would appear, a priori, 
to be merely any advantages that might accrue from longer fixation. Strumia 
(1936) very recently devised a single solution to replace the two separate 
ones, thas simplifving the technique. 

Giemsa’s opinions about the dyes necessary for Romanowsky staining 
were soon challenged by Harris (1903) and by Unna (1904). Harris observed 
that the eosinate of polychromed methylene blue was a better stain than 
Giemsa’s solution. Unna’s results were similar, and in explaining them he 
declared that the methylene violet present in polychromed methylene blue 
was necessary for good Romanowsky effects, a conelusion directly contrary 
to Giemsa’s views. 

Meanwhile, chemists in Europe progressed farther in their study of the 
alkaline decomposition products of methylene blue. Important advances were 
made by Kehrmann (1906 a, b), in collaboration with Bernthsen. First, Kehr- 
mann showed that methylene azure was not merely an oxidation product of 
methylene blue, with an —SO.— group as Bernthsen had previously reported. 
Instead, Kehrmann proved that methylene azure was a simpler substance, 
containing fewer methyl groups than did the molecule of methylene blue 
(tetramethyl thionin). Bernthsen (1906) accepted this new evidence, and 
stated that Simon had presented data tending to a similar opinion in 1885. 
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Second, Kehrmann demonstrated that methylene blue yielded on oxidation 
(or polychroming) several azures, among which were the substances now 
called methylene azures A and B and symmetrical dimethyl thionin. He also 
synthesized them, thus proving what had been designated methylene azure in 
a loose sense to be asymmetrical dimethyl thionin. This he termed azure A, 
and he called trimethyl thionin azure B. Both of these are therefore de- 
methylated oxidation products of methylene blue. The letters ** A’? and ‘*B”’ 
are not logical with respect to the degree of demethylation. 

However, Giemsa and Pappenheim (1912 a) did not agree that azure I 
and Kehrmann’s dimethyl thionin were identical. Even more than Giemsa, 
Pappenheim experimented considerably with the dyes necessary for Roman- 
owsky staining. He (1901) was one of the first hematologists to use methyl- 
ene azure, combining it with Ehrlich’s triacid stain to obtain what appears 
to have been a Romanowsky stain. He (1904) observed also that the May- 
Griinwald stain could be changed to a Romanowsky stain by substituting for 
the methylene blue in it either methylene azure or still better, toluidine blue. 
Further study led Pappenheim (1911 a) to advocate a stain which was very 
unusual for that time, since it contained both acetone and methylene violet, 
as well as toluidine blue. These substances were used in combination with 
other constituents similar to those in Giemsa’s stain, in Pappenheim’s ‘* Pan- 
chrom’ solution. He modified the technique for its use later (1911 b, 1912 b). 
Pappenheim (1911 ¢, 1912 a) was also the first to propose a scientific type of 
stain to replace the empirical solutions of polyehromed methylene blue. He 
made his solution with toluidine blue, methyl thionin (azure C?), methylene 
azure, and methylene violet. 

At the instigation of the late Dr. G. Carl Huber, MacNeal (1906 a, b) 
undertook an investigation of this problem. He agreed with Giemsa that any 
stain utilizing polychromed methylene blue must necessarily be of varying 
composition because the polychroming process cannot be accurately con- 
trolled. From a chemical point of view Bernthsen and Kehrmann also had 
found that factors of temperature, concentration, oxygen, and time, when 
varied slightly, resulted in significant differences in the final products. Henee, 
definite amounts of methylene azure and violet could not be obtained by poly- 
chroming methylene blue solutions. Wilson (1907), too, apparently inde- 
pendently, had come to similar conclusions. 

After trying the various dyes available, MacNeal agreed with Unna 
rather than with Giemsa, that methylene violet was more important than was 
methylene azure. He, therefore, recommended a stain made with definite 
quantities of dyes: methylene blue, methylene violet, and eosin. Some of the 
controversial opinions of the time seemed due to use of admixtures of dyes, 
and MacNeal stated that further advances depended largely upon obtaining 
the dyes for study in a more highly purified state. Following subsequent 
investigations, he (1913, 1925) was able to develop adequate methods for ob- 
taining such dyes of a greater degree of purity. After trying these, he be- 
came convinced that methylene azure was as important as methylene violet. 


Indeed, in the last stain proposed by him (1925), he used more azure than 
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violet. With these purer dyes available, MacNeal (1925) was able to deter- 
mine further that of the two azures, A and B, isolated by Kehrmann (1906), 
azure A (asymmetrical dimethyl thionin) was the more useful in blood stain- 
ing. MacNeal’s work thus culminated in a blood stain consisting of methyl- 
ene blue, methylene azure A, methylene violet, and eosin, and this has been 
sold since 1922 as MacNeal’s tetrachrome blood stain (certified in 1925). The 
purified constituents, methylene azure A (certified in 1925) and methylene 
violet (certified in 1927) have been on the market only for the past few vears. 

However, improved methods of preparation developed by MacNeal and 
Killian (1925; 1926) vielded crystalline thiazin dyes of still high r purity 
Use of these dyes led to a new conception of the value of azure B, and 
MacNeal and Otoni (1926) then utilized it in a tissue technique. Richter (1927) 
modified this, but he retained azure B as the important basie dye. Giemsa 
(1934) recently stated that azure B might be more valuable than azure A as 
a stain, and he found that its eosinate yielded Romanowsky effects. 

It is quite apparent that MaeNeal has removed blood stains from the 
category of empirical mixtures of such variable composition that manufac- 
turers have not been able to prepare two successive identical batches, and 
put them, theoretically at least, into the class of dyes whose action can be 
controlled. His stain is used like Wright’s, and has been considered the most 
scientific blood stain vet proposed. However, MacNeal’s work has not re- 
ceived the recognition it deserves, and his stain has therefore not been 
adopted widely, 

Indeed, only a few men have appreciated the importance of MacNeal’s 
contributions. Scott and French (1924 a, b) made interesting studies of poly- 
chromed methylene blue as well as of the purified dyes described by MacNeal 
and stressed the empiricism of using polychromed methylene blue solutions. 
French (1925) applied MaeNeal’s work to the development of a Giemsa stain 
made with MacNeal’s four dyes. It is important to note that methylene violet 
was included. On the basis of reactions reported by MacNeal, Holmes and 
French (1926) prepared highly demethylated oxidation products of methylene 
blue and deseribed a closely related series of such substances. They studied 
not only alkaline oxidation products but also acid ones. Amone them, they 
found a third azure, monomethylthionin, which they designated azure C. 
This was then used in a tissue stain developed by French (1926). These 
chemical advances were applied by Haynes (1926 a, b; 1927; 1928) to histo- 
logic staining, with correlation of chemical structure and staining properties. 
As progress continued, Holmes (1927) devised chemical tests for the presence 
of these dyes. However, the method most often used is the spectrophotometric 
one. While Rosin (1899) mentioned that the eosinate of methylene blue has a 
characteristic spectrum, it was Kehrmann and his coworkers who utilized the 
absorption spectrum method most extensively in the study of the dyes dis- 
cussed here. Wilson (1907) was the first to apply it to blood stains. This 
method is adequately explained by Conn (1936). Holmes found that azure 
B was a constant impurity present in methylene blue and that complete puri- 
fication was not practicable. Later (1929), he studied the formation of 
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Second, Kehrmann demonstrated that methylene blue yielded on oxidation 
(or polychroming) several azures, among which were the substances now 
called methylene azures A and B and symmetrical dimethyl thionin. He also 
synthesized them, thus proving what had been designated methylene azure in 
a loose sense to be asymmetrical dimethyl thionin. This he termed azure A, 
and he called trimethyl thionin azure B. Both of these are therefore de- 
methylated oxidation products of methylene blue. The letters ‘‘A’’ and ‘‘B”’ 
are not logical with respect to the degree of demethylation. 

However, Giemsa and Pappenheim (1912 a) did not agree that azure I 
and Kehrmann’s dimethy! thionin were identical. Even more than Giemsa, 
Pappenheim experimented considerably with the dyes necessary for Roman- 
owsky staining. He (1901) was one of the first hematologists to use methyl- 
ene azure, combining it with Ehrlich’s triacid stain to obtain what appears 
to have been a Romanowsky stain. He (1904) observed also that the May- 
Griinwald stain could be changed to a Romanowsky stain by substituting for 
the methylene blue in it either methylene azure or still better, toluidine blue. 
Further study led Pappenheim (1911 a) to advocate a stain which was very 
unusual for that time, since it contained both acetone and methylene violet, 
as well as toluidine blue. These substances were used in combination with 
other constituents similar to those in Giemsa’s stain, in Pappenheim’s ‘‘Pan- 
chrom’’ solution. He modified the technique for its use later (1911 b, 1912 b). 
Pappenheim (1911 ¢, 1912 a) was also the first to propose a scientific type of 
stain to replace the empirical solutions of polychromed methylene blue. He 
made his solution with toluidine blue, methyl thionin (azure C?), methylene 
azure, and methylene violet. 

At the instigation of the late Dr. G. Carl Huber, MacNeal (1906 a, b) 
undertook an investigation of this problem. He agreed with Giemsa that any 
stain utilizing polychromed methylene blue must necessarily be of varying 
composition because the polychroming process cannot be accurately con- 
trolled. From a chemical point of view. Bernthsen and Kehrmann also had 
found that factors of temperature, concentration, oxygen, and time, when 
varied slightly, resulted in significant differences in the final products. Hence, 
definite amounts of methylene azure and violet could not be obtained by poly- 
chroming methylene blue solutions. Wilson (1907), too,. apparently inde- 
pendently, had come to similar conclusions. 

After trying the various dyes available, MacNeal agreed with Unna 
rather than with Giemsa, that methylene violet was more important than was 
methylene azure. He, therefore, recommended a stain made with definite 
quantities of dyes: methylene blue, methylene violet, and eosin. Some of the 
controversial opinions of the time seemed due to use of admixtures of dyes, 
and MacNeal stated that further advances depended largely upon obtaining 
the dyes for study in a more highly: purified state. Following subsequent 
investigations, he (1913, 1925) was able to develop adequate methods for ob- 
taining such dyes of a greater degree of purity. After trying these, he be- 
came convinced that methylene azure was as important as methylene violet. 
Indeed, in the last stain proposed by him (1925), he used more azure than 
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violet. With these purer dyes available, MacNeal (1925) was able to deter- 
mine further that of the two azures, A and B, isolated by Kehrmann (1906), 
azure A (asymmetrical dimethyl thionin) was the more useful in blood stain- 
ing. MacNeal’s work thus culminated in a blood stain consisting of methyl- 
ene blue, methylene azure A, methylene violet, and eosin, and this has been 
sold since 1922 as MacNeal’s tetrachrome blood stain (certified in 1925). The 
purified constituents, methylene azure A (certified in 1925) and methylene 
violet (certified in 1927) have been on the market only for the past few years. 

However, improved methods of preparation developed by MacNeal and 
Killian (1925; 1926) yielded crystalline thiazin dyes of still higher purity. 
Use of these dyes led to a new conception of the value of azure B, and 
MacNeal and Otoni (1926) then utilized it in a tissue technique. Richter (1927) 
modified this, but he retained azure B as the important basic dye. Giemsa 
(1934) recently stated that azure B might be more valuable than azure A as 
a stain, and he found that its eosinate yielded Romanowsky effects. 

It is quite apparent that MacNeal has removed blood stains from the 
category of empirical mixtures of such variable composition that manufac- 
turers have not been able to prepare two successive identical batches, and 
put them, theoretically at least, into the class of dyes whose action can be 
controlled. His stain is used like Wright’s, and has been considered the most 
scientific blood stain yet proposed. However, MacNeal’s work has not re-. 
ceived the recognition it deserves, and his stain has therefore not been 
adopted widely. 

Indeed, only a few men have appreciated the importance of MacNeal’s 
contributions. Scott and French (1924 a, b) made ‘interesting studies of poly- 
chromed methylene blue as well as of the purified dyes described by MacNeal 
and stressed the empiricism of using polychromed methylene blue solutions. 
French (1925) applied MacNeal’s work to the development of a Giemsa stain 
made with MacNeal’s four dyes. It is important to note that methylene violet 
was included. On the basis of reactions reported by MacNeal, Holmes and 
French (1926) prepared highly demethylated oxidation products of methylene 
blue and described a closely related series of such substances. They studied 
not only alkaline oxidation products but also acid ones. Among them, they 
found a third azure, monomethylthionin, which they designated azure C. 
This was then used in a tissue stain developed by French (1926). These 
chemical advances were applied by Haynes (1926 a, b; 1927; 1928) to histo- 
logic staining, with correlation of chemical structure and staining properties. 
As progress continued, Holmes (1927) devised chemical] tests for the presence 
of these dyes. However, the method most often used is the spectrophotometric 
one. While Rosin (1899) mentioned that the eosinate of methylene blue has a 
characteristic spectrum, it was Kehrmann and his coworkers who utilized the 
absorption spectrum method most extensively in the study of the dyes dis- 
cussed here. Wilson (1907) was the first to apply it to blood stains. This 
method is adequately explained by Conn (1936). Holmes found that azure 
B was a constant impurity present in methylene blue and that complete puri- 
fication was not practicable. Later (1929), he studied the formation of 
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eosinates of these thiazin dyes; and with Snyder (1929) he investigated the 
rate of dealkylation (polychroming) of methylene blue in alkaline solutions. 
Many of these contributions were the direct result of the influence of the 
Biological Stain Commission. 

These valuable investigations, and especially MacNeal’s outstanding re- 
sults, did not seem known to European workers for several years. Baudisch 
and Unna (1919) and Unna (1922) did not mention them, and the first 
acknowledgment by Giemsa was made in 1934, when he took issue with 
MacNeal’s initial (1906 b) formulas utilizing methylene violet for Romanow- 
sky stains. A growing diffusion of knowledge of the recent chemical ad- 
vances is indicated, however, by references given in later articles by Jerace 
(1934) and Lang (1935). 

The purified thiazin dyes have been used a'so for stains other than those 
of the Romanowsky type:- A list of all available publications in which they 
have been mentioned for any purpose whatsoever follows: French (1925, 
1926), Giemsa (1902 to 1935), Geschickter (1930 a, b), Geschickter, Walker, 
Hjort, and Moulton (1931), Harris (1903), Haynes (1926 a, b; 1927; 1928), 
Hollande (1916, 1918), Holmes and French (1926), Jerace (1934), Jordan and 
Heather (1929), Kingsley 1935 a, b; 1936; 1937 a, b), Lang (1935), Laveran 
(1903), MacNeal (1906 to 1925), MacNeal and Otoni (1926), Marino (1904, 
1905 a, b), May (1906), Pappenheim (1904; 1911 a, b, ¢; 1912 a, b), Richter 
(1927), Saccerdotti (1903), Scott and French (1924 a, b), Scott, Thompson, 
and Hydrick (1911), Strumia (1936), Tribondeau (1916 a, b; 1918 a, b), 
Viereck (1906), and Volkonsky (1928). A new use of azure II as a counter- 
stain for nerve fibers has also been developed by Dr. J. A. Foley (unpublished). 

On the other hand, Romanowsky effects have recently been obtained with 
dyes not previously used for such purposes (Epstein, 1922; Geschickter, 1930 
a, b; Geschickter, Walker, Hjort, and Moulton, 1931; and Groat, 1936). 
Epstein used a polychromed toluidine blue solution which did not yield true 
Romanowsky effects but was quite similar except for the color of erythrocytes 
and eosinophilic granules. The researches of Geschickter and his coworkers 
made use of the eosinates of many different dyes derived from thionin. While 
Romanowsky effects were not reported, such effects probably were often ob- 
tained, on the basis of personal studies with thionin. Thus, in addition to 
toluidine blue used by Pappenheim and Epstein, thionin also is a dye which 
yields Romanowsky effects. Finally, the most recently published Romanow- 
sky type of stain, Groat’s (1936), uses not only thionin but also a dye hereto- 
fore not reported for such purposes, namely, methyl violet (C. I. No. 680). 

The dyes just diseussed are basic and are used in combination with eosin. 
But substitutes for eosin itself have also been reported. Rosin (1899) and 
Richter (1927) used erythrosin instead of eosin, while phloxine. has been 
utilized by MacNeal and Otoni (1926), Haynes (1926 b), and Richter (1927). 
In analyzing the essential molecular grouping, Unna (1922) observed that 
resorcin can replace eosin, and he stated that Nocht had noticed this reaction 
previously. In personal experiments, erythrosin has been found capable of 
replacing eosin; but on the whole, results are not as satisfactory as with eosin. 
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Thus, knowledge of the chemistry of these dyes has grown to the state 
where it can be applied to the solution of problems concerning the other 
factors which must be known in order to control Romanowsky stains 
(Kingsley, 1937 b). 
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| QUANTITATIVE DETERMINATION OF THE CONVULSIVE 
REACTIVITY BY ELECTRIC STIMULATION OF THE BRAIN WITH 
THE SKULL INTACT* 


E. A. Sprece., M.D., PHILADELPHIA, Pa. 


HE convulsive reactivity is usually measured on experimental animals by 

injecting convulsant toxins and determining the minimal convulsant dose. 
This method has certain disadvantages. Cumulative effects of the injected 
toxins may influence the results and must be avoided. If one wants to study 
the effect of anticonvulsant measures, one can hardly compare within a short 
time the convulsicn thresholds before and after the application of this measure, 
because the amount of toxin in the animal’s body consequent to the first injec- 
tion may influence the threshold values at the next injection. If electric stimula- 
tion is used, these difficulties may be avoided. In this case, however, another 
problem arises. The reactive changes in the brain tissue and in the meninges 
following the exposure of the cerebral cortex may influence the results of a next 
experiment. Repeated daily measurements over a long period are prevented by 
these effects of exposure of the cortex. 

It seemed, therefore, of interest to develop a method of electric stimulation 
with the skull intact. If one applies the electrodes to the skin over the skull, one 
has to overcome a much higher resistance than if one places the electrodes in 
the conjunctival sac, as was already observed by Jellinek' and Schilf.2 The 
latter type of application was, therefore, chosen. An apparatus was built that 
allows the voltage as well as the duration of the stimulation to be varied. Since 
the resistance can easily be determined on a Wheatstone bridge, the convulsion 
threshold can be expressed in terms of electric energy. 

The circuit of the apparatus is shown in Fig. 1. Alternating current from 
the 115 volt, 60 cycles line is used. The voltage is regulated by a Variac 
transformer (General Radio Comp. No. 200CU) which has the advantage that 
the output is essentially independent of the load; in addition, a voltmeter con- 
trols whether the desired voltage is obtained. The duration of the stimulation 
is varied in the following way. After leaving the Variac transformer, the alter- 
nating current is closed and opened by a relay, the magnet of which is activated 
by the discharge of condensers (from 1-20unF'). The duration of the discharge 
and thus also the duration of activation of the magnet and of the flow of the 
alternating current is proportional to the capacity of the condenser, the resist- 


*From the Department of Experimental Neurology, D. J. McCarthy Foundation. Temple 
University, School of Medicine, 

Received for publication, August 21, 1936. 

Aided by a grant of the American Association for the Advancement of Science. 


The method was shown at a joint meeting of the Philadelphia and the New York Neuro- 
logical Societies, April 17, 1986, and at the Scientific Exhibit; American Medical Association, 
Kansas City, May 11 to 15, 1936. A som neg og aear method was described by T. Putnam, 
while this paper was in print (Science, May 28, 1937). 
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ance of the relay circuit being constant.* One must, of course, watch the voltage 
of the dry cell battery that charges the condensers, since a drop in this potential 
influences the duration of the condenser discharges. The duration of ‘the dis- 
charge can easily be standardized by inserting into the circuit of the alternating 
current a signal magnet and projecting its shadow upon a fast photokymograph 
which has an exact time marker. With the arrangement used in these experi- 
ments, the relation between time in milliseconds (t) and capacity in microfarads 
(c) was: t = 35c. Thus 10uF correspond to 35 x 10 milliseconds or 0.35 second. 

Rabbits were chosen as experimental animals. Since the eyeballs lie on the 
side of the skull, the frontal lobes are much closer to the straight pathway of the 
current than in animals where the eyeballs are located in front of the skull. The 
electrodes are small, ovoid silver plates bent to fit the eyeballs. They are placed 
between the eyeball and the third lid. The upper and the lower lids are kept 
closed by small clanips. The animal is fastened on a short, elevated, horizontal 
board by a band slung around its trunk, while the head and the limbs remain 
free, so that motor reactions can easily te .. served. In order to record these 
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Fig. 1.—T-A, Circuit of the alternating current (7, connection with the Variac trans- 
former; A, connection with the animal; V, voltmeter); B, dry cell battery; CO, condensers 
(1, 2, 2, 5, 10, 20, 204 F); K, keys; R, relay; Ch-D, Key, charging the condensers (position 
Ch) and discharging them (position D) into the relay. : : 


reactions, one may use one of the hind legs, e.g., by connecting it with a lever 
that presses upon a Marey’s tambour. The changes in pressure produced here 
are transmitted to a second tambour carrying the recording lever. 


In order to determine the convulsion threshold, one sets the Variae at 15 
volts and varies only the duration of the stimulation step by step, starting with 
the smallest capacity and increasing it until epileptiform convulsions can be 
produced. If a duration of about one second proves ineffective, then the series 
of stimulations is started: again at a higher voltage (20 volts) with the lowest 
capacitance. Usually 15 volts are sufficient. Between the single stimulations.a 
pause of five minutes is intercalated. As long as the electric energy is below the 
threshold, one observes only defense reactions, such as running or struggling 
movements, that follow the stimulation immediately. If the threshold is reached, 


*The method resembles the determination of the chronaxie (Lapicque, Bourguignon) only 
in using condensers in order to vary the duration of the stimulation. The latter method, how- 
ever, determines the least duration of single shocks at which a voltage, double the threshold 
voltage of a constant current of indefinite duration, excites = nerve or muscle. With the 
apparatus here described, the minimal energy of an alternating current is determined which 
is necessary to elicit convulsions. 
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then appear, usually after a latent period of from one to six seconds, tonic 
extensor spasms of the trunk, neck, and limbs that are followed by typical clonic 
convulsions lasting from ten seconds to one or two minutes. As to the muscles 
of the head, the reactions of the eyeballs are hidden, since the lids are kept 
closed. Snuffling and chewing movements, however, can easily be observed. 
After severe convulsions the animals are in a state of unconsciousness, where 
they do not react upon stimuli. They recover, however, within a few minutes 
after such convulsions, and the experiments usually can be repeated daily for 
weeks without the appearance of any injuries as regards the eyeballs as well as 
the general behavior.* 

After the convulsion threshold is reached, the resistance is determined on 
a Wheatstone bridge, the electrodes remaining in the same place as during the 
stimulation. 


Control experiments showed that tonic-clonic convulsions may be elicited 
by this method, also if the cornea is anesthetized by instillation of cocaine into 
the conjunctival sac, or if the trigeminal nerves are severed intracranially. 
This shows that the convulsions are not reflex reactions but the effect of central 
stimulation. 

The calculation of the threshold values may be illustrated by the following 
example : 


Voltage: 15 V. Duration: 10 « F = 0.35 second. Resistance 308 2. 


15 
I= 308 > 0.05 Amperes 


0.05 Amp. x 0.35 sec. = 0.0175 Amp. - sec. = 18 ma, - sec. 


As to differences between various animals, the lowest threshold value was 
2 and the highest value was 25 ma.-sec. If one wants to study the effect of 
therapeutic measures or of drugs upon a certain animal, it is, of course, neces- 
sary to determine for some time (at least a week) in daily experiments the 
variability of the threshold in this animal and to use such animals only in 
which the variation is not above 30 per cent. The effect of pharmaca may be 
studied by ascertaining their influence upon the threshold as well as upon the 
severity (duration) of the convulsions. After injection of 0.24 gm. of chloral- 
hydrate per kilo body weight, for instance, the threshold was increased from 
18.0 to 37.5 ma.-see. After injection of 0.05 gm. of sodium luminal per kilo 
body weight, it was increased from 21.0 to 55.5 ma.-sec. This latter effect 
continued several days following the injection. 


SUMMARY 


An apparatus is described that permits determination of the convulsion 
threshold in experimental animals, with the skull intact, in terms of electrical 
energy, and study of the effect of drugs or other therapeutic measures upon 
the convulsive reactivity. 


REFERENCES 
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*Only in one animal out of 30 a keratitis developed. 





A METHOD FOR THE QUANTITATIVE DETERMINATION OF 
UROBILINOGEN IN THE URINE* 


LAURENCE FarMeER, M.D., New York, N. Y. 


LL METHODS for the determination of urobilinogen are based on Paul 
Ehrlich’s ‘‘benzaldehyde reaction.’’ Addition of an aqueous acid solu- 
tion of paradimethylaminobenzaldehyde to aqueous or alcoholic solutions of 
urobilinogen leads to the formation of a red condensation product with a 
characteristic absorption band at 562 »». In the more accurate quantitative 
methods’ for the determination of urobilinogen, the urobilinogen is first ex- 
tracted from the urine, and the red aldehyde condensation product is estimated 
either spectrophotometrically or colorimetrically against an arbitrary color 
standard. In the more crude method of Wallace and Diamond,” the benzalde- 
hyde reagent is added directly to the urine, and the urobilinogen gauged in a 
series of dilutions of the urine which are carried to a point where no further 
reaction takes place. 


In the following method the benzaldehyde reagent is also added directly to 
the urine and the red color colorimetrically determined against a glass standard. 
This standard was found by standardizing a red glass against a solution of 
urobilinogen in chloroform. The urobilinogen used for standardization was 
extracted from urine by the method of Hans Fischer.? As we were unable to 
erystalize out the urobolinogen from the chloroform and thus base the standard 
on a gravimetric basis, it was decided to standardize the glass on the basis of 
arbitrary units. The glass standard is said. to correspond to 1 unit when cor- 
responding to a solution of the red condensation product set in the colorimeter 
at 10 mm. The yellow or greenish color of the urine is compensated by using 
a yellowish green ocular. The ocular and the glass standard are used in con- 
junction and produce a satisfactory match for the determination of the -red 
condensation product. The ocular and glass standard were developed at the 
suggestion of and in collaboration with Mr. E. R. Klett of the Klett Mfg. Co. 
Urines containing large amounts of urobilinogen should be diluted in order to 
come within the colorimetric range of the glass standard. If the urine contains 
large amounts of bilirubin, a green color due to formation of biliverdin appears 
after addition of the reagent. This green color frequently interferes greatly 
with the colorimetric determination of the red urobilinogen condensation prod- 
uct. If necessary the bilirubin can be precipitated by barium chloride before 
adding the aldehyde reagent. 


*From the Laboratories of Pathology and the Second Medical (Cornell) Division of 
Bellevue Hospital. 

Received for publication, October 19, 1936. 
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METHOD 


One cubic centimeter of benzaldehyde reagent (2 gm. of paradimethylamino- 
benzaldehyde are dissolved in 50 ¢.c. of cone. HCl and then this solution is 
diluted with 50 ¢.c. of distilled water) is added to 9 c.c. of filtered urine. The 
colorimetric determination against the glass standard is carried out after five 
minutes. The following equations are used to determine the amount of urobilino- 
gen in units in any definite amount of urine. 


10 v Vv Ds ROS 


bate . u a i ee u.R 





v = final volume of urine plus reagent (= 10 e.c.) 
V = total volume of urine 

u = volume of urine taken for the determination 
R = reading against the standard 


It has been shown that there is a loss in the urobilinogen content of urines 
kept at room temperature. Schrumpf* has demonstrated that under the action 
of B. coli the nitrates of the urine are reduced to nitrites; the hereby liberated 
oxygen oxydizes the urobilinogen to urobilin. This loss in urobilinogen can be 
reduced to about 5 per cent, if the urine is put into the ice box immediately 
after voiding. 

Normal urines contain no urobilinogen. In jaundice we have observed 
values from traces up to sixty and more units in twenty-four hours. The ab- 
solute daily values are of less importance for the evaluation of a case than the 


progression or regression of urobilinogen excretion. It is therefore essential to 
determine its daily excretion over a longer period of time. Such curves have 
been of great help in determining whether we were dealing with obstructive 
or parenchymatous jaundice. | 
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_A NEW METHOD OF RECORDING PHYSIOLOGIC ACTIVITIES* 
I.. Recorpinac RESPIRATION IN SMALL ANIMALS 
Con FEenninG, M.D., Satt Lake Crry, UTan 


HE method depends upon the use of a modified Hartley oscillating vacuum 

tube circuit in which changes in capacity vary the frequency of oscilla- 
tion and the plate current of an otherwise stable oscillator. The body of the 
animal is grounded and represents the movable plate of a variable condenser. 
A fixed plate placed above the animal represents the fixed plate of the variable 
condenser. The animal and fixed plate are connected in parallel with the 
variable condenser which tunes the grid cireuit of the oscillator. 
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Respiration of the animal results in movement of the surface of the body, 
closer to and away from, the fixed plate. As a result of this movement, minute 
plate current variations take place. These variations are repeated with each 
respiratory cycle. Thus, when such connections and circuit are used with a 
‘zero shunt,’’ sensitive galvanometer and a means of photographically record- 
ing the galvanometer deflections, graphic recordings of the respiration of a 
small animal are obtained with a minimum of effort. 

The circuit with galvanometer and zero shunt connections are shown in 
the following diagram. 


Yb neg the Department of Pharmacology and Physiology, University of Utah, School 
of Me ticine. 
Received for publication, November 11, 1936. 
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Variable micro condenser C;, variable resistor Re, position of plate P, its 
size, size of the animal, sensitivity of the galvanometer and the inherent sen- 
sitivity of the cireuit are the principal factors controlling the sensitivity of 
the method. Variable resistors R, and R, represent the gross and fine control 
of the zero shunt. 

Tests conducted in which the galvanometer was placed one meter from 
the photokymograph, a plate of 40 sq. cm. was placed 1 em. above a 350 gm. 
rat. The sensitivity could be controlled to such an extent that the recorded 
respiratory amplitude was just perceptible or had an excursion of 30 em. 
A plate of 1 sq. em. placed 0.5 em. above the thorax of the rat was sufficiently 
large to allow for the recording of the respiration. 

A record of rat respiration is shown with use of the larger plate and 
moderate sensitivity. The complete record also illustrates the stability of the 
circuit when oscillating, with the capacity constant and the circuit adjusted 
to moderate sensitivity. 

In records obtained with this method the frequency of respiration can be 
determined. In addition, the relative differences between individual respira- 
tory movements in regard to amplitude and the rapidity of the phases can 
readily be seen. Theoretically volumetric calibration is possible. The method 
should allow for important investigations upon the respiration of small ani- 
mals where it is essential to have a means of recording such changes graphi- 
cally and with sufficient amplitude. 





A NEW METHOD OF RECORDING PHYSIOLOGIC ACTIVITIES* 


II. Tae SrmuutTaANeous RecorDING OF MATERNAL RESPIRATION, INTRAUTERINE 
FretaL RESPIRATION AND UTERINE CONTRACTIONS 


Con Fenninea, M.D., anp Barnet E. Bonar, M.D., Satt Lake Crry, Uran 


PREGNANT, near term, spinal animal is immobilized by securely tying 

to a special plate. The maternal animal, other than the head, is im- 
mersed in physiologic saline solution. This solution is maintained at body 
temperatare by means of a water bath. A lower midline incision is made 
through the abdominal wall, the uterine segments delivered into removable 
troughs, and these in turn are immersed in the saline surrounding the mother. 
The troughs containing the uterus are filled with saline to a height that allows 
but a small portion of the uterus to project into the air. This exposed portion 
is moistened with saline at suitable intervals. The small fixed plate is placed 
over but not in contact with that portion of the uterus projecting into the air. 
Since capacity changes are recorded, the fluctuations of the fluid surrounding 
the maternal] animal and the transmitted movement of the uterus will register 
as maternal respiration of reduced amplitude. The reduced amplitude is de- 


*From the Department of Pharmacology and Physiology, University of Utah, School 
of Medicine. 
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Fig. 2.—Illustration of the set-up, showing = details of the experimental pregnant preparation 
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Fig. 3.—Illustration of the complete set-up. 
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sirable, because it allows for recording of fetal and uterine activity. The latter 
movements under these conditions are recorded with greater amplitude than 
the maternal respiration. This allows for ease in interpretation of the re- 
sultant record, and aids in the elimination of errors of interpretation in 
respect to transmitted maternal activity other than respiratory. 

Uterine contractions are recorded directly in that the uterus undergoes 
relative displacement in respect to the plate when the contraction waves 
pass over the uterus. Fetal respiratory like movements! are recorded directly, 
in that displacements in the near term fetus result in similar displacement of 
the surrounding uterine wall. For the same reason other fetal activities are 
recorded. In addition, the fetal respiratory movements were checked by the 
observers viewing the fetus with the aid of a strong light transilluminating 
the uterus. The true fetal respiratory like movements as observed were 
recorded by means of the electromagnetic marker. 

The procedure offers a new approach to the study of pregnant uterine 
and intrauterine fetal activity, and is characterized by the ease in which such 
activity is recorded and interpreted. 

We wish to acknowledge the technical assistance supplied by J. W. Christensen and 


Gordon Newby. 
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A MODIFICATION OF THE SILVER IMPREGNATION METHOD FOR 
THE STAINING OF RETICULAR LATTICED FIBERS* 


Victor A. ZHooxnHin,t AsHKasBap, U. S. S. R. 


HILE various methods are available for the demonstration of argentosensi- 
tive reticular fibers, the results obtained are inconstant and the methods 
themselves somewhat complicated and time-consuming. 

The following method has been found to be effective as well as simple 
in its technic and may be completed in a short time. 

The tissue to be stained is fixed in anywhere from 1 to 10 per cent formalin 
solution for six hours or longer, good results having been obtained in specimens 
preserved in formalin for one year or longer. 

1. Wash in running water for one or two minutes. If fixation has been 
prolonged, the washing should be continued for one to two hours. 

2. Frozen sections (15 to 20 microns thick) are transferred from distilled 
water to 1:100,000-1:50,000 (0.001-0.002 per cent) potassium permanganate 
solution for two to thirty seconds, depending upon the character of the tissue 
and the duration of the fixation. 

*From The Turkomanian State Medical Institute, U. S. 8. R. 
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Fig. 1.—The liver latticed fibers that have been ammoniacal silver impregnated with preliminary 
oxidation in KMnO.. Average magnification. 


Fig. 2.—The spleen reticular fibers that ay been ammonical silver siete igmated with pre- 


liminary oxidation of the sections in KMnQ, solution. Small magnification. 





1286 THE JOURNAL OF LABORATORY AND CLINICAL MEDICINE 


3. Transfer to 20 per cent ammoniacal silver solution prepared by adding 
strong ammonia, drop. by drop, to 20 per cent silver nitrate solution until the 
precipitate formed is just dissolved. Two or three drops in excess are added. 
The solution should have a perceptible odor of ammonia. 

After immersion in this solution for two or three minutes, 

4. Pass through distilled water to a freshly prepared 1 to 1.2 per cent 
formalin solution of pH 7 (6.5-6.9). During their immersion in this solution 
the sections should be kept in motion by means of a glass rod and the degree 
of silver impregnation controlled under the microscope. 

5. Wash in water, dehydrate, and mount in Canada balsam. 

If desired, the sections after silver impregnation may be placed in a weakly 
acid solution of gold chloride followed by fixation in 5 per cent hyposulphite 
solution and then thoroughly washed. Contrast stains (eosin, picric acid, etc.) 
may be used. 

The following precautions are advisable: (1) The optimum duration of 
immersion in permanganate solution (two to thirty seconds) must be deter- 
mined empirically for each preparation. (2) The silver solution must contain 
a slight excess of ammonia. (3) The formalin reducing solution should have a 
PH of nearly 7 and is best freshly prepared. 

The method may also be applied to paraffin sections after complete removal 
of the paraffin. 





STAINING METHOD FOR NASAL SMEARS FOR 
EOSINOPHILE COUNTS* 


IRENE WEIBER, Owosso, MicuH. 


HE usual method of staining nasal smears as a blood film is with either 

Wright’s or Giemsa’s stain. This is not a good method, because it is very 
difficult to distinguish the neutrophiles from the eosinophiles even if the 
smear is very thin. If it is not thin, it is then impossible to distinguish them 
and the-count is sure to be inaccurate. With this method the count can be 
done very rapidly as the eosinophiles stand out a bright pink on a blue back- 
ground, while the neutrophiles are entirely blue. 


METHOD 


Use undiluted Wright’s stain for one minute. Dilute with distilled water 
until a metallic sheen appears on the surface, as in staining blood films. 
Allow to stain for four minutes. Wash in distilled water. Decolorize for 
two or three minutes with 95 per cent alcohol. Wash with distilled water. 
Counterstain for two minutes with Loeffler’ s alkaline methylene blue. Wash 


with distilled water and dry. 


*From the Memorial Hospital. 
Received for publication, December 1, 1936. 





A MODIFICATION OF THE BODANSKY METHOD FOR THE 
DETERMINATION OF INORGANIC PHOSPHATE* 


HELEN Quincy Wooparp, New York, N. Y. 


N 1932 Bodansky! published a modification of the Kuttner-Lichtenstein 

method for determining inorganic phosphate. He included corrections for 
deviations from Beer’s law in the absence of interfering substances, and for 
the interfering substances which are present when the method is used for 
phosphatase determinations. The method consists in adding to 5 c.c. of un- 
known phosphate solution 4 ¢.c. of a solution of sodium molybdate in sul- 
phurie acid, followed by 1 ¢.c. of a solution of stannous chloride in hydro- 
ehloric acid, and comparing the depth of color of the resulting blue phos- 
phomolybdate with that formed by a standard phosphate solution under the 
same conditions. When the method is used for the measurement of serum 
phosphatase, the determination of serum inorganic phosphate’is made in a 
solution containing 5 per cent trichloracetic acid, while that of phosphatase 
is made in a solution containing 5 per cent trichloracetic acid + 0.21 per cent 
sodium barbiturate + 0.25 per cent sodium beta glycerophosphate. The con- 
centration of the unknown solutions is calculated by means of a table show- 
ing deviations from Beer’s law, and a correction is then applied for inter- 
fering substances. The author states that, if the molybdate and stannous 
chloride reagents are kept cold, then the blanks prepared by ‘mixing the 
reagents with 5 per cent trichloracetic acid are practically colorless. 

In the use of this method, we encountered difficulty in obtaining colorless 
blanks, even solutions which appeared only faintly colored to gross inspec- 
tion giving significant apparent phosphorus concentrations when read against 
standards in the colorimeter. The depth of color varied greatly from day to 
day, but the average apparent phosphorus content of one hundred solutions 
containing 5 c.c. of water plus color reagents was 0.0039 mg.; of solutions 
containing 5 ¢c.c. 5 per cent trichloracetic acid plus reagents was 0.0022 mg.; 
and of solutions containing trichloracetic acid, glycerophosphate, and buffer 
plus color reagents was 0.0030 mg. The only occasions upon which the 
blanks were free of appreciable color were when the stannous chloride solu- 
tion had deteriorated sufficiently to cause gross error in known phosphate 
determinations. While the error in reading such very faint colors of course 
is large, it was found that, when solutions known to contain 0.0020 to 0.0040 
mg. of phosphorus were made up, the apparent concentrations of the blanks 
and of the known phosphorus solutions were approximately additive. It 
therefore seemed reasonable to suppose that an excess color equal to that of 
the appropriate blank was present in a determination. This excess would 


*From Memorial Hospital. 
Received for publication, December 5, 1936. 


1287 





1288 THE JOURNAL OF LABORATORY AND CLINICAL MEDICINE 


introduce an error which would be proportionately smaller the higher the 
phosphate concentration, and which might differ with different reagent lots, 
and with changes in room temperature and technique. 

We, therefore, adopted the procedure of determining the apparent con- 
centration of the blanks corresponding to each solution, including the stand- 
ards, and applying these apparent concentrations as corrections. Thus, if 
the serum inorganic phosphate was to be determined, two sets of blanks were 
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prepared. One, Bs, corresponding to the standard phosphate solution, con- 
tained 5 c.c. of water, 4 c.c. of molybdate reagent, and 1 c.c. of stannous 
chloride reagent. The other, Bp, corresponding to the unknown, contained 
5 e.c, of 5 per cent trichloracetic acid, 4 ¢.c. of molybdate reagent, and 1 c.c. 
of stannous chloride reagent. The blanks and the unknown solutions were 
then read in the colorimeter against the standard. Bs was then added to the 
known standard concentration to give the apparent concentration of the 
standard. The concentration of the unknown was calculated by comparison with 
this. Bp was then subtracted from the result. No correction for deviations 
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from Beer’s law was introduced at this point, as this was included in the curve 
for corrections for interfering substances described below. 

With this method it was not possible to use Bodansky’s tables for deviation 
from Beer’s law and for interfering substances. New correction curves were 
therefore prepared and are given in Fig. 1. All concentrations were read 
against the average of two standards containing 0.0200 mg. phosphorus. The 
average difference between the two standards was about 1 per cent. Each 
curve represents 95 to 110 determinations made in the course of 20 to 25 
experiments. The average number of readings made against a single pair of 
standards was thus only 4 to 5, so that possible errors in one or two standard 
preparations could not cause important errors in the curves. In the curves, 
the apparent concentration of the ‘‘unknown’’ obtained by comparison with 
the apparent concentration of the standard and subtraction of the appropri- 
ate blank is plotted against the correction to be applied. The dotted line 
shows Bodansky’s data for deviations from Beer’s law plotted in the same way. 

Curve A shows corrections for known phosphate solutions in water. 

Curve B shows corrections for known phosphate solutions in 5 per cent 
trichloracetic acid, as for determination of serum inorganic phosphorus. 

Curve C shows corrections for known phosphate solutions in 5 per cent 
trichloracetic acid + 0.21 per cent sodium barbiturate + 0.25 per cent sodium 
beta glycerophosphate, as for determination of phosphatase. : 

A correction curve was also prepared for phosphate solutions containing 
5 per cent trichloracetic acid + 0.21 per cent sodium barbiturate. This was 
found to coincide with Curve B, showing that sodium barbiturate did not 
interfere with the development of the phosphomolybdate color. The correc- 
tion curve for a saturated solution of calcium hexose diphosphate in sodium 
barbiturate and trichloracetic acid was nearly the same as Curve C. Curve A 
was the same whether the reagents were used at room or ice box temperature, 
although the blanks were much larger with the warmer solutions. It was 
found that sodium fluoride, when present in a concentration of 0.04 per cent 
(M/100) did not affect Curve A. On the other hand, 0.2 per cent potassium 
oxalate reduced the color intensity by about 8 per cent. 

Curve A, which is not used in actual calculation of experimental data, 
represents deviations from Beer’s law in the absence of blank error. The 
deviations are much smaller than those reported by Bodansky, the differences 
being in the same sense that they would be had his determinations contained 
uncorrected blank errors. 

Curves B and C embody corrections both for deviations from Beer’s law 
and for the interference of trichloracetic acid and substrate with the de- 
velopment of the phosphomolybdate color. These corrections also are smaller 
than those reported by Bodansky. 

Calculations made by the method presented here are more time-consum- 
ing than those made by means of Bodansky’s tables. Sixty-seven successive 
phosphatase determinations were calculated by both methods with an average 
difference of only 2 per cent, but with a difference for individual experiments 
up to 10 per cent.* The present method thus presents no advantages for 
ordinary clinical work under ideal conditions. It does, however, allow satis- 
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factory determinations to be made in the presence of reagents contaminated 
by phosphate, or in very warm weather when blank solutions are likely to 
show considerable color even when the reagents are kept in the ice box. 

Summary. Evidence is presented to show that a part of. the deviation 
from Beer’s law in phosphomolybdate solutions is due to blank error. Cor- 
rection curves taking this into account have been prepared. 
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A SCIENTIFIC METHOD FOR THE PREPARATION OF NORMAL 
PHYSIOLOGIC SALINE SOLUTION IN HOSPITALS* 


ALEXANDER G. Keuuer, Px.G., B.Sc. PHmapELpuHIA, Pa. 


HYSIOLOGIC saline solution is made in the majority of hospitals in an 

unscientific manner. In many institutions it is made by a student nurse, 
by dissolving a certain number of compressed tablets of sodium chloride in a 
liter of distilled water. If the wrong number of tablets is dissolved there is 
no means of determining the error. The solution is then filtered through paper 
or cotton, frequently requiring many refiltrations in order that a solution may 
be obtained entirely free of minute macroscopic particles. This product is then 
placed in an Erlenmeyer flask, stoppered with a gauze wrapped cotton plug 
and a yard or two of bandage is wrapped around the neck of the flask. Last, 
the flask is labeled with a strip of adhesive plaster on which is written in ink, 
more or less illegibly, ‘‘Saline Solution”’ and the preparation is autoclaved. 


In the Graduate Hospital of the University of Pennsylvania production 
of physiologic saline solution was given to the laboratories by the Director of 
the Hospital, Dr. Donald C. Smelzer, and the following system was instituted 
with the resultant disappearance of complaints from the Hospital Staff rela- 
tive to saline solution. 


PERSONNEL AND EQUIPMENT 


The personnel consists of two student technicians under the general super- 
vision of the Hospital Chemist. 

A room, approximately twelve feet square, is used for the preparation of 
saline solution and nothing else. It is equipped with counters on opposite 
sides, a rack for holding empty flasks, closets for storage and a large sink 
supplied with a combination hot and cold water faucet. A new Stokes water 


*From the Graduate Hospital, The University of Pennsylvania.- 
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still, steam heated, capacity ten gallons of distilled water per hour, is located 
in one corner of the counters. 


GENERAL PLAN OF THE SYSTEM 


‘The principle of the method consists in the preparation and standardiza- 
ticn, by means of chemical titration, of a 13.6 per cent solution of sodium 
chloride which is made once a week and is known as the Stock saline solution. 
This solution is diluted each day with fresh distilled water, 1 liter of it-to 15 
liters of the water, thereby making a 0.85 per cent solution of sodium chloride 
known as Standard saline solution. This Standard saline solution is also 
titrated to determine its percentage of sodium chloride, thereby checking any 
error that might have been made in diluting the Stock saline solution, ‘Both 





Stock and Standard solutions are mixed by drawing air through them, using 
a filter pump, water jet form (marketed by A. H. Thomas Co.). The air is 
washed by drawing it through soda lime, a weak sulphuric acid solution and 
finally distilled water before it enters the solution it is to mix. An empty 
flask is placed between the suction pump and the solution being mixed, as a 
precaution against the filter pump ‘‘backfiring.’’ 

Stock and Standard saline solutions are filtered by means of sintered 
glass filters, no paper filters are used in this Jaboratory, A sintered glass filter 
consists of a disk of porous glass sealed in the mouth of a funnel. The filter 
is immersed in the solution to be filtered, the end of the neck of the filter is 
connected by means of rubber tubing to a perforated rubber stopper in the 
mouth of an empty.carboy in which a vacuum is created by means of the filter 
pump, the filtrate being drawn through the neck a the filter, the rubber tub- 
ing and into the empty carboy. — 
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The Standard saline solution, having been standardized and filtered, is 
bottled in Pyrex Erlenmeyer flasks. Each flask contains one-half its total 
capacity of liquid and is labeled with permanent baked-in letters ‘‘normal 
saline 0.85 per cent.’’ The flasks are stoppered with a paper cap, the skirt 
or side of the cap completely covering the neck of the flask. The cap is held 
firmly around the neck by means of two wire loops that are tightened by 
twisting, using a hook with a screw handle for the operation. Each cap is 
stamped on the top with the date that the solution was made. 

The flasks are then placed in large wire baskets capable of holding eight 
2 liter flasks, each flask is in a separate compartment lined with lint. A steel 
truck, carrying eight baskets, conveys them from the laboratories to the 
sterilizers in another part of the Hospital. 


PREPARATION OF STOCK SALINE SOLUTION 


A 13.6 per cent solution of sodium chloride is prepared every Monday, 
using Merck’s reagent sodium chloride and distilled water. Any solution 
remaining from the previous week is discarded. Ten liters are prepared by 
weighing 275 gm. of the sodium chloride, introducing it into a two liter 
volumetric flask, adding distilled water and when complete solution is ob- 
tained, sufficient distilled water is added to fill the flask to the graduation. 
This solution is poured into a five gallon Pyrex glass carboy and the procedure 
is repeated five times, yielding the desired ten liters. This solution is called 
Stock saline solution. It is now mixed by drawing air through it, as described 
above. Its exact sodium chloride content is determined by means of a chemical 
titration which will check any error in weighing or dilution. 

Several solutions are required for the titration. These are called Stock 
solutions, to differentiate them from a group of similar solutions but of weaker 
concentration used in titrating the 0.85 per cent saline solution. 

Stock Silver Nitrate Solution—Using an analytical balance, 39.529 gm. of 
silver nitrate, Merck’s reagent, is weighed and then transferred to a 100 c.c. 
glass stoppered volumetric flask. Distilled water is added and when solution 
is obtained, sufficient distilled water is added to fill the flask to the graduation. 
The contents are mixed and transferred to a brown glass stoppered bottle and 
kept in a dark closet to protect it from light. 7 

Stock Ammonium Thiocyanate Solution —One hundred and eighty grams 
of ammonium thiocyanate are dissolved in water in a glass stoppered cylinder 
and diluted to a volume of 1 liter. This solution must be standardized against 
the Stock silver nitrate solution, so that one volume of it will be equivalent 
to one volume of the silver solution. This is accomplished by pipetting 15 c.c. 
of Stock silver nitrate solution into a 250 ¢c.c. Erlenmeyer flask, to which is 
added 15 c.c. of concentrated nitric acid, 0.3 gm. of powdered ferric ammonium 
sulphate and approximately 30 c.c. of water. A 25 c.c, burette is filled with 
the Stock ammonium thiocyanate solution, and it is slowly titrated into the 
Erlenmeyer flask until a salmon pink end point is obtained that will persist 
for fifteen seconds. A reading of the burette is taken and if 15 c.c. were used, 
the Stock ammonium thiocyanate is correct. The contents of the flask are dis- 
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carded. If less than 15 ¢.c. were used, the thiocyanate solution is too con- 
centrated and must be diluted, using the formula: 
Volume Ammon. thio. 
Titer 
If the burette reading was 13.5 and the total remaining volume of Stock am- 
monium thiocyanate solution is 972 ¢.c., then the calculation is 


x (15 - Titer) = c.c. of distilled water to be added. 





972 
ig5 * (15 - 13.5) = 108 ¢.c, of distilled water to be added to the 


Stock ammonium thiocyanate solution to bring it to the right concentration. 
After the addition of the water, the solution is mixed and again titrated. 

If the reading of the burette was greater than 15 c.c., then the Stock am- 
monium thiocyanate solution is weak in concentration and some ammonium 
thiocyanate must be added using the formula: 

Volume Ammon. thio. 
Titer 
If the burette reading was 15.5 ¢.c. and the total remaining volume of Stock 
ammonium thiocyanate solution is 961 ¢.c. then the calculation is 
961 
15.5 
Having added the chemical the solution is mixed and again titrated. The 
figure 0.18 is obtained from the formula, 180 gm. of ammonium taiocyanate 
in 1,000 ¢.c. or 0.18 gm. per c.c., 

All the reagents are now ready to titrate the Stock saline solution. Into: 
an Erlenmeyer flask of about 250 c.c. capacity, 10 ¢c.c. of Stock solution (saline) 
and 15 c.c. of Stock silver nitrate solution are carefully pipetted, 15 c.c. of 
concentrated nitric acid and 0.3 gm. of powdered ferric ammonium sulphate 
are added. The flask is shaken and allowed to stand 5 minutes in a dark place, 
then its contents are titrated with the Stock ammonium thiocyanate solution. 
Ten cubic centimeters of Stock saline solution should combine chemically with 
10 ¢.c. Stock silver nitrate solution, therefore requiring 5 c.c. of the Stock 
ammonium thiocyanate solution to bring the titration to the proper end point. 
The contents of the flask are discarded. If less than 5 ¢.c. of the thiocyanate 
solution were used the Stock saline solution is of too strong a concentration 
and is diluted, using the formula: 

——_ sta Geline Eel. . (5 = Titer) = 6.4, of distilled water to Ve'added to the Abobk 

saline solution. 

If the reading of the burette containing the Stock ammonium thio¢yanate 
solution were 4 c.c. then the 10 ¢.c. of Stock saline solution contained enough 
sodium chloride to combine with 11 ¢.c. of the Stock silver nitrate solution. 
Therefore every 10 c.c. of Stock saline solution must be diluted with distilled 
water to 11 ¢.c. or applying the formula and assuming that the total volume 
of Stock saline solution is 9,980 c.c. 


” x (5-4) = 998 c.c. of distilled water to be added to the Stock saline solution, 


After addition of the water the solution is again mixed and titrated, e.g. I! 
the reading of the burette containing the Stock ammonium thiocyanate solu- | 
tion were 6 c.c., then the Stock saline solution is weak in concentration and 
must be strengthened with sodium chloride, using the formula: 





x (Titer - 15) x 0.18 = gm. of ammonium thiocyanate to be added. 


x (15.5-15) x 0.18 = 5.58 gm. ammonium thiocyanate to be added. 
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Volume Stock Saline Sol. 
———s——— x (Titer - 5) x 0.136 = gm. of sodium chloride to he added to the 
Stock saline’ solution. 


If the volume of Stock saline solution is 9,980 ¢c.c: the formula is 
9980 
10 





x (6-5) x 0.136 = 135.728 gm. sodium chloride to be added. 


After addition of the sodium chloride, the solution is mixed and titrated. 
The Stock saline solution, being of the correct percentage strength, is 
filtered through the sintered glass filters as described above and is then ready 


for use. 
PREPARATION. OF STANDARD SALINE SOLUTION 


One liter of Stock saline solution is measured in a liter volumetric flask 
and introduced into a 5 gallon Pyrex glass carboy, to which is added 15 liters 
of fresh distilled water measured by means of a three liter volumetric flask. 
It is mixed by drawing air through it for a period of twenty minutes. This 
solution is normal saline solution. To be certain that the normal saline solution 
is 0.85 per cent and that there has been no error in the measuring, it is titrated 
with reagents similar to the ones used in titrating the Stock saline solution, 
except that these reagents are weaker in concentration and are called ‘‘Stand- 
ard’’ solutions to distinguish them from the ‘‘Stock’’ solutions mentioned 
above. 

Standard Silver Nitrate Solution—Two and forty-seven hundredths grams 
of silver nitrate, Merck’s Reagent, are weighed on an analytical balance and 
then dissolved in distilled water in a 100 c.c. volumetric flask. When all the 
chemical is dissolved, distilled water is added to the graduation on the flask 
and the solution mixed. It is then transferred to a glass stoppered brown 
bottle and kept in a dark closet. One cubic centimeter of this solution is 
equivalent to 1 ¢.c. of 0.85 per cent sodium chloride solution. 

Standard Ammonium Thiocyanate Solution—Eleven and twenty-five hun- 
dredths grams of ammonium thiocyanate, Merck’s Reagent, are dissolved in 
distilled water and diluted to a volume of one liter. This solution must be 
standardized against the Standard silver nitrate solution in the same manner 
that the Stock ammonium thiocyanate solution was standardized against the 
Stock silver nitrate solution, i.e., 15 ¢.c. of Standard silver nitrate solution 
are pipetted into a 250 c.c. Erlenmeyer flask, to which is added 15 c.c. of 
concentrated nitric acid and 0.3 gm. of powdered fergic ammonium sulphate. 
About 15 ¢.c. of distilled water are added, the flask is shaken and kept in a 
dark place for five minutes. A 25 c.c. burette is filled with the Standard 
ammonium thiocyanate solution and is titrated into the flask until a salmon 
pink end point is reached. If the reading on the burette is 15 ¢.¢.,.then the 
thiocyanate solution is correct and 1 ¢.c. of Standard ammonium thiocyanate 
solution is equivalent to 1 ¢.c. of Standard silver nitrate solution. The contents 
of the flask are discarded. If less than 15 c.c. of the thiocyanate solution were 
used, it is strong in concentration and must be diluted with. distilled water 
according to the formula: 
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Volume Ammon. Thio. 
Titer 





x (15 - Titer) = cc. distilled water to be added to Standard 
ammonium thiocyanate solution. 

After addition of distilled water the solution is mixed and again titrated. If 

more than 15 ¢.c. of thiocyanate solution were used, the solution is weak in 

concentration and ammonium thiocyanate chemical must be added according 

to the formula 


Volume Ammon. Thio. 


Titer x (Titer - 15) x 0.01125 = gm. ammonium thiocyanate to be added to 


the Standard ammonium thiocyanate solution. 





These ‘‘Standard’’ reagents are now ready for use and are stable for 
approximately several months. 

To determine the percentage content of the Standard saline solution, 
20 ¢.c. are pipetted into a 250 ¢.c. Erlenmeyer flask to which are added 25 c.e. 
of Standard silver nitrate solution, 15 ¢.c. of concentrated nitric acid and 0.3 
gm. of powdered ferric ammonium sulphate. The mixture is shaken, allowed 
to stand in a dark place for five minutes and then titrated with Standard 
ammonium thiocyanate solution to a salmon pink end point. If the reading 
of the burette is 5 ¢.c. then the saline is of the correct concentration. The 
contents of the flask are discarded. If less than 5 c.c. of the thiocyanate solu- 
tion were used, then the saline solution is strong in concentration and must 
be diluted with water to the formula: | 


Total Volume of Saline 
20 





x (5 - Titer) = c.c. of distilled water to be added to the Standard 
saline solution. 

If more than 5 ¢.c. of Standard ammonium thiocyanate solution were used then 

the Standard saline solution is weak in concentration of sodium chloride and 

more Stock saline solution must be added according to the formula: 


Total Volume of Saline (Titer - 5) 
20 e 15 





= e.c. of Stock saline solution to be’added to the 
Standard saline solution. 

If it has been necessary to make any adjustment to the Standard saline solu- 

tion it is mixed by drawing air through it and again titrated to make certain 

that it is of the correct concentration. 


BOTTLING THE STANDARD SALINE SOLUTION 


The Standard saline solution is bottled by siphoning it into volumetric 
flask of desired size and then pouring the contents into a permanently labelled 
flask of twice the volume, which has been thoroughly washed with hot water 
and soap, rinsed with tap water and finally with distilled water. The flasks 
are capped immediately in order that no dust particles may enter. Each cap 
is stamped with the date of manufacture. The caps are held in place by means 
of two wire loops, one at the upper and one at the lower part of the skirt 
of the cap. The loops are tightened by means of a hook on the end of a twisted 
rod on which a nut, in the form of a handle, screws. The operator holds the 
handle and pulls, thereby turning the rod and twisting the wire loop. The 
procedure of tightening the wire loops requires a few seconds of time. Each 
flask is examined before it leaves the laboratory for the sterilization room 
where it is autoclaved promptly. 
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FINISHED PRODUCT 


We now have a sodium chloride solution actually 0.85 per cent in strength, 
checked by chemical titration. It is perfectly clear, having been filtered 
through porous glass, eliminating any possibility of minute macroscopic par- 
ticles from filter paper. It is bottled in flasks having a permanent label, 
saving the cost of time and labor in constantly renewing adhesive plaster 
labels which are also hard to read. The paper cup gives the date of manu- 
facture of the solution, takes a few seconds to apply to the flask and cannot 
be removed without unscrewing the small wire loop. The cap and wire cost 
less than one cent. The paper cap will keep a sterile solution free from con- 
tamination, experiments having proved that culture media can be kept sterile 
in paper capped flasks for over six months. The average time required for 
preparing 32 liters of saline solution from the start to the capped product is 
approximately three hours. 


CONCLUSION 


A method is offered that is safe, efficient and economical for the manu- 
facture of normal physiologic saline solution. 


The author wishes to acknowledge the valuable aid of his assistant, Mr. Duncan E. King, 
in organizing this department of the laboratories. 





THE DERIVATION OF AN INDEX NUMBER FOR THE 
OPSONOCYTOPHAGIC TEST* 


Lee Fosuay, M.D., anv T. J. Le Buano, Sc.D., Cincinnati, OHIO 


HE opsonocytophagic test devised by Huddleson, Johnson and Hamann’ 

for assaying the clinical status of patients in relation to brucellosis is gain- 
ing widespread use. A recently published confirmation? of the original author’s 
findings will doubtless increase the demands for this test.. In addition to its 
diagnostic value the test is extremely useful in estimating the therapeutic 
efficacy of various types of treatment, especially with specific vaccines, filtrates 
and antiserums. We have also found the procedure valuable as a measure of the 
development of potency of antibrucella and antitularense serums when monthly 
trial bleedings are made from animals undergoing prolonged series of inocula- 
tions. 


When evidences of increasing immunity were being sought in patients under 
treatment or in animals under inoculations, it became evident to us that a con- 
venient and accurate index number for each of the serial counts would be very * 
advantageous. An index number is much more conducive to a rapid understand- 
ing of the value of the test and the meaning of its results than a presentation 
of the usual four columns of figures. The following method for the derivation 
of such an index number is offered to fill this need. 

If the occurrence of phagocytosed bacteria be set up in four classes, namely 
those cells showing no inclusion of bacteria, those showing from 1 to 20, those 
from 21 to 40 and a final class containing 41 and over, observation and count- 
ing of a given smear will result in a frequency distribution whose frequencies 
are distributed in four arrays under the above rubrics. The aim of the index 
number is to summarize these four entries into a single number that bears some 
easily translatable relationship to the frequencies as they fall into the respective 
arra;». And further, the index must recognize that the arrays are not equal 
in significance. A cell showing no inclusions, and by the same token a cell show- 
ing a large number of inclusions, are both of greater biologic significance than 
cells showing moderate degrees of phagocytosis. Therefore we decided to weigh 
the extremes as against the two intermediate arrays. This was accomplished 
by placing the arbitrary origin between the Groups 1 to 20 and 21 to 40. In 
order to avoid the disappearance of frequencies due to multiplication by a zero 
moment the first group on either side of the origin was assigned a moment arm 
of one, the sign being positive to the right and negative to the left. The next 
moment was assigned the value of two, and again positive to the right and nega- 
tive to the left. This value is obviously an arbitrary one and implies that the 


*From the Departments of Bacteriology and of Preventive Medicine, College of Medicine, 
University of Cincinnati. 
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two extremes are biologically twice as significant ‘as the two arrays next to the 
point of origin. We do not know this to be true nor could we say that the 
extremes are of equal significance. But for the sake of simplicity it seemed 
advisable to use this arrangement. It would seem of little importance what 
values are assigned to the moment arms as long as the structure of the index 
number is clearly understood. 

With the values described above it is apparent that a given set of four 
frequencies, each multiplied by the respective moment arm, may be summarized, 
with due regard to algebraic sign, into a single number which is bound to fall 
between —100 and +100 as the two maximum values, with the former indicating 
no inclusions and the latter the highest degree of inclusion. Zero would repre- 
sent the situation midway between these two extremes. To avoid the signs we 
decided to refer the range —100 to +100 to a new base entirely positive in sign 
and having a range from 0 to 100. Thus 0 on this final seale is equal to —100 
on the original, 50 is equal to 0, and 100 is equal to +100. 

For example, a count recently made on a patient at the end of ten days 
of vaccine therapy fell as follows: 


NO BACTERIA 1-20 41 OR MORE 
12 18 6 14 
- + 
x 2 ae x 1 x 2 
-24 -18 +6 $88 




















The sum of the four products is -8 in the —100 to +100 range, corresponding 
to 46 on the final base. The phagocytic index number is therefore 46. The 
eount taken twelve days previously showed: 


NO BACTERIA 1-20 41 OR MORE 
24 16 : 1 








x 2 x3 x 2 
-48 -16 +2 














The sum of the products was —53, corresponding to a phagocytic index num- 
ber of 23. 

A patient with severe acute brucellosis acquired by grinding condemned 
meat in a local packing house was treated with antibrucella serum in the wards 
of the Cincinnati General Hospital. Porcine strains were recovered from each 
of three blood cultures. Serum was administered immediately after the first 
phagocytic test was performed. The serial counts, most made by Mr. A. E. 
O’Neil, and their computed index numbers were: 


DATE NO BACTERIA 1-20 21-40 41 PLUS 


8/12/35 35 10 
8/15 34 14 
8/20 11 27 
8/24 10 32 
8/30 17 22 
9/ 4 24 22 
9/10 10 22 
9/17 0 8 
9/22 0 7 
19/ 5 0 6. 
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We have computed several hundreds of actual and hypothetical counts to 
test the reasonableness of the derived phagocytic index number against. the 
actual distribution of cells in the four customary rubrics. In each instance the 
‘*fit’’ was satisfactory and the phagocytic index number as obtained. was -con- 
sidered an appropriate and reasonably accurate expression of the immediate 
immune status of the patient or animal. 

Our interest in counting a total of 50 cells in each film was originally 
prompted by curiosity to see how closely the distribution of a second 25 cells 
would follow that of the first. We have habitually recorded our counts as two 
series of 25 cells each, one under the other. In one ease the count was recorded 
as follows: | 


NO BACTERTA 1-20 21-40 41 OR MORE 


10 10 + 
6 7 8. 

















Fig. 1—Nomogram for the conversion of inclusion counts into phagocytic index numbers. 
The algebraic sum of the weighted inclusion count frequencies is located on the -100 to +100 
seale. A straight edge from this point, passing through the central black dot, intersects the 
smaller scale at a point where the phagocytic index number may be read off directly. 


In order to make a 25 cell count fit into the scheme of index number deriva- 
tion outlined above, it is evident that such count figures must be doubled in one 
of two ways. Either the recorded figures themselves are doubled and then multi- 
plied by the usual moment factors of 1 and 2 in the usual way, or the recorded 
figures are taken as such and are multiplied by the doubled moment factors, 2 
and 4, instead of the usual 1 and 2. The resultant sum of the products will, of 
course, be the same in either case. If the above 50 cell count is computed in 
the usual way the phagocytic index number will be 36. However, if the two 
25 cell counts are computed separately, the resultant index numbers will be 26 
and 47, respectively. The average of these numbers is 36.5 but the spread of 21 
points between them is high, comparable to an error of approximately +10.0. 
When the distributions of the two 25 cell counts are very similar, as in the first 
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example cited, the error is of course very small. In this count the actual figures 
were : 


1-20 21-40 41 OR MORE 


6 9 2 8 
6 9 4 6 





On the basis of a 50 cell count the phagocytic index number was 46. If each 
set of 25 cells is computed separately the index numbers are 47 and 45, respec- 
tively, a divergence of only +1.0. It is believed that index numbers of greater 
accuracy and reasonableness are obtained from counts of 50 cells than from 
counts of 25 cells. In experienced hands 25.cell counts are probably satisfactory. 

The accompanying nomogram (Fig. 1) furnishes a convenient means for 
translating the summed products from the -100 to +100 range to the 0 to 100 
scale. 

In practice one can take the index number as a percentile expression =f the 
immediate capacity of the patient to phagocytose bacteria. .Thus, in the count 
next above the patient’s blood possessed 46 per cent of his total potential capac- 
ity to phagocytose brucella. 
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SPIROCHETAL JAUNDICE, Serum Diagnosis by Precipitation, Eber, B. C. R. Soc. Biol. 
120: 618, 1935. 


The following is the technique used at the Pasteur Institute, Paris. 

A four-day-old culture of the living spirochete in 20 per cent rabbit serum in saline was 
generally used, and it is necessary to examine it by the dark ground to see that active spi- 
rochetes are present. If older cultures are used, they should be centrifuged for a short 
time to remove any débris from the medium. The patient’s serum should be fresh and clear 
and when examining cerebrospinal fluid no traces of blood should be present. 

For the test three tubes are used: the first receives 0.1 c.c. of the undiluted serum, 
the second 0.1 ¢.c. of the serum diluted 1:10, and the third 0.1 ¢.c. diluted 1:100; 0.9 c.c. 
of culture is added to each of the tubes and also to a fourth tube, which receives 0.1 ¢.c. of 
saline and serves as a control. The tubes are kept at 37° C. for one hour before examination. 
With cerebrospinal fluid, dilutions of 1:10, 1:50, and 1:100 are used. As a rule this test is 
sufficient to indicate whether the specimen is positive or negative, but in some cases the titer 
of the serum is of interest and then dilutions up to 1:100,000 or more are prepared. ? 

Examination is always made by means of dark-ground illumination using a No. 6 
objective and No. 4 eyepiece. With positive sera, dilutions of 1:10 generally contain free 
spirochetes, but their movements are feeble; in addition there are a few spirochetes agglu- 
tinated in irregular masses. In the 1:100 dilutions, there are free spirochetes and also more 
or less spherical masses covered with feebly motile spirochetes undergoing lysis. In the 
1:1,000 dilution, there. are numerous small masses of agglutinating spirochetes, somewhat. 
resembling the appearance of red blood cells in a hypertonic solution; usually no, free. spiro- 
chetes are present. If the spirochetes remain active, «vn if they agglutinate in the lower 
dilution, the reaction is doubtful and if a second ter ‘vith. serum collected a few days later 
gives similar results, it must be regarded as negati 

Agglutination may be observed commonly in uilutions up to 1:100,000; but lysis soon 
disappears in dilutions above 1:1,000. 

With cerebrospinal fluid doubtful reactions have not been observed since the limit of 
dilution rarely exceeds 1:100, even when the serum of the patient agglutinates in dilutions 
of 1:100,000. 


TUBERCLE BACILLI, Studies on the Dissociation of, With Special Reference to the Avian 
and Human Types, Alexander-Jackson, E. Am. Rev. Tuberc. 33: 767, 1936. 


Three strains of human tubercle bacilli have been completely dissociated from BR to 8. 

Human type S colonies are convex, round, smooth-edged, and glistening, and resemble 
the 8 colonies of bovine and avian tubercle bacilli. 

The addition of small optimal amounts of ferric chloride, 0.0004 per cent, to Bordet- 
Gengou medium favored the formation of 8 colonies of the human type in pure culture. 

Lack of sufficient blood in Bordet-Gengou medium, and the addition of crystal violet to 
Long’s medium are inhibitory to the formation of S colonies. Crystal violet in 0.01 per cent 
amounts discouraged avian 8, and a concentration of 0.001 to 0.0001 per cent sufficed to in- 
hibit the human type 8. 

The lesions produced by avian and by human R bacilli tended to be limited, calcified, 
and macroscopic, and contained relatively few bacilli, whereas those produced by the 8 
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organisms were more diffuse, inflammatory, small or microscopic, and contained relatively more 
bacilli 

The § tubercle bacilli of a given strain tended to cause more symptoms of illness and 
emaciation, and were somewhat more virulent than R organisms of the same strain. In the 
ease of two strains which differed in virulence, the R of one strain was more virulent than 
the 8 of the other strain. 

One out of 13 serums taken from tuberculosis patients was able to completely dissociate 
the human tubercle bacillus, strains H3 and H37, from R to S in one generation under 
deseribed conditions. The serum of a nontuberculous person, showing a positive Mantoux 
reaction, was able to dissociate these human strains completely in one generation. 

The ability of a tuberculosis patient’s serum to fix complement did not appear to bear 
any relation to the dissociating power of his serum. 

The serums of two rabbits immunized against H37 tubercle-bacillus-protein fraction M.A. 
100 did not dissociate strains H3 and H37. 

A catalyst mechanism has been suggested as the possible mechanism basic taale the 
dissociation phenomenon. 


TRICHOMONAS, Culture of (Trichomonas Vaginalis Vagiritis as a Cause of Pruritus 
Vulvae), Swift, B. H. Med. J. Australia 1: 123, 1937. 


A recent publication by Wagner and Hees describes a medium originally devised for the 
cultivation of Entamoeba hystolytica. They found that trichomonads grew vigorously in 
this medium after incubation at 37° C. for forty-eight hours. This medium was modified 
slightly and has been used with excellent results both as regards the cultivation of the 
trichomonads and the suppression of the bacterial growth. 

A blood agar slant was used, and 3 to 4 c.c. of the following solution was added: 
equal parts of 0.7 per cent solution of sodium chloride and 1.0 per cent solution of sodium 


citrate were mixed and adjusted to a pH of 7.4. ‘‘Folliculin’’ was added to make a con- 
eentration of four rat units per cubic centimeter, and acriflavine was then added to make a 
final concentration of 1 in 10,000. This concentration of acriflavine has an excellent inhibiting 
effect on bacterial growth and does not kill the trichomonads. 

This medium is now being used with very good results for the routine cultivation of 
pus from women suspected of being infected. 


BONE MARROW, In Anemia, Isaacs, R. Am. J. M. Se. 192: 181, 1937. 


A method for counting the number of cells per cubic millimeter of a specimen of bone 
marrow is given. 

The average normal sternal bone marrow is from 900,000 to 1,000,000 nucleated cells 
of all types per c.mm. 

The distinct morphologic stages in the development of red blood cells are (a) stinithee 
blast, (b) megaloblast, (c) basophilic normoblast, (d) eosinophilic normoblast, (e) reticulo- 
eyte, (f) granule red blood cell, (g) mature erythrocyte. 

The predominant stage varies with physiologic and pathologic changes. 

Inhibition of growth is noted at the primitive blast stage in aplastic and hypoplastic 
anemia (nephropathy); at the megaloblast stage in the macrocytic anemias (pernicious 
anemia, cirrhosis of the liver) ; at the normoblast stage in leucemia and infection. 

The method follows: 

Wet the inside of a Sahli hemoglobin pipette, or the stem of a red or white blood cell 
counting pipette, with serum. The pipette stem should have markings enabling one to measure 
4 volumes. A serum of the same blood group as the patient is desirable if the red blood cell 
count is a factor, otherwise any blood serum may be used. The serum is drained out, and 
bone marrow is sucked up 1 unit of space into the pipette. By working the tip back and 
forth among the trabeculae of bone, enough marrow may be obtained without air bubbles. 
Serum is then drawn up so that the total bulk is 4 volumes. This is then discharged into a 
watch glass, using care to wash out all of the marrow. Eight more volumes of serum 
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(measured by the markings on the pipette) are then added, and the suspension thoroughly 
stirred with a blunt glass rod. This suspension is then drawn into a red blood cell counting 
pipette to the 0.5 mark, and diluted with Hayem’s solution, or with 1 per cent acetic acid, the 
rest of the steps being exactly as in the case of counting red blood cells, using a hemocytometer 
slide. The high-dry objective is used. The total number of cells in 4 or 8 sq. mm. are counted, 
the adult red blood cells being enumerated in one group (if acetic acid has not been used) 
so that when their number is subtracted from the total, the number of nucleated cells of all 
types is obtained. The calculations are as follows: 

The number of cells counted in 1 sq. mm., obtained by dividing the total number of 
cells counted by the number of square millimeter spaces used, is multiplied by 24,000, i.e. 

10 x 12 x 200 
No. of sq. mm. 

The differential count is made from cover glass films, using a thick emulsion of bone 
marrow in serum. The fresher the serum, the better are the results. If the serum is of the 
same blood group, the red blood cells show a better distribution than when they are agglu- 
tinated. Human serum may be used for bone marrow of animals. Use Wright’s or Giemsa’s 
stain. When Wright’s stain is used, allow the stain to act for 1 minute, then dilute with as 
much distilled water as the cover glass will hold, mixing very thoroughly. Allow this to stand 
for 10 minutes, then wash with distilled water, dry and mount in xylol-balsam. 

The most ‘‘representative’’ bone marrow is obtained from the midsternum, as this gives 
both red and white cells in the course of their development. This technique may be used 
with marrow from any bone or for cells of other organs. 

With careful technique, the variation in counting cells from the same region in the normal 
marrow, using several pipettes averages about 5 per cent, an amount but slightly greater 
than variations from drop to drop in the same pipette. In pathologic marrows, where there was 
a grossly uneven distribution of the cells, the variation was considerably greater, amounting. 
to as much as 24 per cent between a cellular and relatively noncellular region, and to 85 per 
cent in marrows with regions of ‘‘aplasia.’’ 

Material.—Bone marrow was taken from.the midsternum of 163 patients at autopsy, in- 
cluding some observations on biopsy material. The biopsy material is, of course, more desirable 
for the finer cell structure. There are several other points of difference in the cells of the 
two types of material. The longer the period after death that the marrow is allowed to change, 
before films are made, the fewer the number of adult polymorphonuclear neutrophils, 
myeloblasts and myelocytes, although the change is not very marked. There does not appear 
to be a very extensive change in number of red blood cells in the various stages. 





TYROSINEMIA, and Its Relation to Pathology of the Liver, Jankelson, I. R., Segal, M. 8., 
and Aisner, M. Am. J. M. Sc. 192: 241, 1937. 


Free tyrosin can be demonstrated in human blood by comparatively simple tests without 
exposing the patient to any inconvenience besides a venipuncture. The appearance of tyrosin 
in the fasting blood is indicative of liver disease, but the absence of tyrosin does not ex- 
clude it. It is probable that in obstructive jaundice tyrosin does not appear in the venous 
blood as long as there is no involvement of the liver. In hepatic jaundice, there seems to be 
a rapid diminution in the blood tyrosin as recovery takes place. The authors have been able 
to demonstrate tyrosinemia in 80 per cent of the cases with liver disease. 

The presence of free tyrosin in the blood was determined by a modification of the 
method of Folin and Marenzi for the analysis of tyrosin in proteins. The steps in the pro- 
cedure were as follows: 20 c.c. of a Folin-Wu blood filtrate were placed in a 50 ¢.c. centrifuge 
tube and 4 c.c. of a solution of 15 per qent HgSO, in 6N H,SO, added; the mixture was 
allowed to stand 2 hours, the resulting pretipitate containing tryptophane and cystine deriva- 
tives; the supernatant fluid obtained after centrizugation of the mixture was decanted into a 
50 ¢.c. volumetric flask; 12 ¢.c. of a solution of 1.5 per cent HgSO, in 2N H,SO, were added 
to the residue in the centrifuge tube, the residue broken up, and the mixture centrifugated 
again; the supernatant fluid was added to the volumetric flask; the residue was washed once 
more, this time with 5 c.c. of 0.1N H,SO,, centrifugation repeated, and the supernatant 
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fluid decanted into the volumetric flask, the flask shaken to insure mixing of the contents, and 
placed in a bath of boiling water for 5 minutes, at the end of which time it was removed 
and cooled in running water; when thoroughly cooled, 1 ¢.c. of 2 per cent NaNO, was added, 
the mixture carefully shaken and allowed to stand for 2 minutes, at the en” of which time 
the readings were made. In order to facilitate the detection of the pink coloration, indicating 
a positive test, the flasks were observed against a white background, using a similar flask 
containing distilled water as a control. The amount of free tyrosin detected in each of the 
positive tests was insufficient to be quantitated colorimetrically, hence designations of strongly 
positive (+++), positive (++), faint. (+), or negative were utilized, according to the intensity 
of the pink coloration present in the final solution after the addition of the sodium nitrite. 


TUBERCULOSIS, The Filament-Nonfilament Count in Tuberculosis Compared With the 
Sedimentation Rate and the Leukocytic Index, Paine, D., and Austin, K.H. Am. Rev. 
Tuberc. 35: 221, 1937. 


The nonfilament count and leucocytic index were remarkably often in agreement. Cer- 
tainly the nonfilament count in this study proved no more delicate than the leucocytic formula 
as an index of coming trouble. The sedimentation rate, as other observers have noted, some- 
times remains high after the nonfilament count and the leucocytic index have returned to normal 
and the patient has become clinically inactive. The personal equation is a factor in doing non- 
filament counts because many cells are hard to classify. This, however, is true also of the 
leucocytic index where the differentiation between monocytes and large lymphocytes is often 
difficult. 

Filament-nonfilament counts done on 50 normal people varied from 2 to 16 per cent, 
averaging 7.7 per cent. 

Filament-nonfilament counts, leucocytic counts, and sedimentation tests were taken simul- 
taneously at intervals on 77 tuberculous patients. 

In only 9 of the patients studied were the trends of the three determinations in disagree- 
ment. For the most part filament-nonfilament and leucocytic counts agreed closely. 

In the 16 patients showing steady progression of the lung process, all three tests were 
elevated consistently. 

In 4 patients showing a sudden and marked increase of disease neither filament-non- 
filament nor leucocytic index showed any premonitory rise. 

Sedimentation rates remained elevated in some patients who were clinically inactive and 
whose leucocytic index and nonfilament count had returned to normal. 

The filament-nonfilament count in this study demonstrated no superiority over the 
leucocytic index. 


TUBERCULOSIS, The Autourine Test in the Diagnosis of, Hanan, E. B., and Zurett, S. 
Am. Rev. Tuberc. 35: 229, 1937. 


It is suggested that more careful studies on the chemical and biological nature of the 
antigenic substances excreted in the urine from individuals with infectious diseases would 
increase our understanding of the immunology and pathology of these diseases. 

The technique for the administration of the autourine test for tuberculosis and the factors 
involved in the interpretation of the skin reactions are described. 

Two types of autourine skin reactions are described, and theoretical considerations con- 
cerning the specificity of the tuberculous urinary antigen are discussed. 

The Enright-Rettger modification of the Wildholz autourine test for tuberculosis was 
applied to 147 cases of known and suspected tuberculosis, with 92 per cent agreement with 
the final clinical and laboratory analysis. 

A simplified procedure for the autourine test, using a mixture of ether and chloroform 
for extraction of the tuberculous antigen, thus eliminating the complicated steps of concentra- 
tion and dialyzation of the urine, is described. 

The ether-chloroform autourine test for tuberculosis was applied to 206 cases. The 
test was positive in 87 per cent of 45 of the cases known to have active tuberculosis. In 63 
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-borderline cases the test was positive for active tuberculosis in 34 and negative in 29. In 80 
cases of disease other than tuberculosis, the test was positive for tuberculous activity in 13 
and negative in 67. The test was negative in 13 normal individuals and positive in 5 cases 
of bone and joint tuberculosis. 

The method follows: 

Technique of the ether-chloroform autourine test: The procedure employed was as 
follows: 150 c.c. of freshly collected morning urine were made slightly alkaline to litmus 
with sodium bicarbonate. Fifty cubic centimeters of ether and chloroform in equal amounts 
were added and the mixture shaken vigorously in a mechanical shaker for 10 minutes. The 
emulsion was placed in a separatory funnel and when the separation appeared the extractives 
were run into a dish and evaporated just to dryness on a water-bath. The residue was sus- 
pended in 10 e.c. of sterile salt solution. Approximately 0.1 ¢.c., or a sufficient amount to 
produce a 5 mm. skin bleb, was used for the test. 


STREPTOCOCCIC INFECTIONS: Method of Determination of Para-aminobenzenesul- 
fonamide (Prontosil) in Urine and Blood, Marshall, E. K., Emerson, K., Jr., and 
Cutting, W. C. J. A. M. A. 108: 953, 1937. 


A method has been devised for determining para-aminobenzenesulfonamide in blood 
and urine. A conjugated form excreted in urine can be determined after hydrolysis with 
dilute hydrochloric acid. 

In the dog, the substances appear to be excreted unchanged in the urine, while in the 
rabbit large amounts are excreted in a conjugated form. In man, the substance is excreted in 
both the free and the conjugated forms. 

Absorption from the gastrointestinal tract is rapid, being usually complete or nearly 
complete in about four hours. 

In dogs, the concentration in the blood does not mount more quickly or attain a higher 
level with subcutaneous administration than with oral. 

In patients, when large amounts are administered daily in divided doses, nearly 100 
per cent may be recovered from the urine when equilibrium between intake and output is 
established. It takes from two to three days to establish this equilibrium and the same 
time to free the body of the drug after it is discontinued. ; 

In patients with impaired renal function, the sulfonamide appears to be excreted more 
slowly. Until more data are available, it should be given with care in all cases of renal 
insufficiency. ' 

After oral administration, the sulfonamide is found to be present in the cerebrospinal 
fluid in a somewhat lower concentration than in blood. 

The method follows: 

For the determination of para-aminobenzenesulfonamide in blood and urine, the follow- 
ing reagents are necessary: 

1. Tenth normal hydrochloric acid. 

2. Sodium nitrite 0.1 per cent (freshly prepared). 

3. Ethyl alcohol (95 per cent). 

4. Dimethyl-a-naphthylar ine, 1 ¢.c. to 100 ¢.c. of alcohol. 

5. A standard solution of para-aminobenzenesulfonamide, 200 mg. per liter. From this 
solution standard solutions containing 1.0, 0.5 and 0.2 mg. per hundred cubic centimeters 
ean be prepared. The standard solution appears to keep unchanged for several months 
if kept in the icebox. 

Urine is diluted so that the diluted solution contains from 0.5 to 1.5 mg. per hundred 
cubic centimeters of sulfonamide. Ten cubic centimeters of this diluted urine is measured into 
a small flask and 2 c.c. of hydrochloric acid, 1 ¢.c. of sodium nitrite, 5 ¢.c. of aleohol and 
1 ec.c. of dimethyla-naphthylamine are successively added. The flask is shaken after the 
addition of each reagent. Ten cubic centimeters of an appropriate standard is. similarly 
treated. After a few minutes standing, the solutions are compared in the colorimeter. Just 
after the dimethyl-a-naphthylamine has been added the soluticns may not match exactly while 
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after too long standing an orange tint occurs in the diluted urine which gives low readings. 
Readings are usually taken from five to ten minutes after the addition of the reagents. The 
color developed in standard solutions in pure water appears to remain unchanged for several 
hours. 

For blood, the following procedure is used: One volume of blood is run slowly with 
shaking into 9 volumes of alcohol, and the flask is stoppered and allowed to stand ten minutes 
or longer. The mixture is now filtered and 10 c.c. of the filtrate measured into a small flask. 
Five cubic centimeters of water, 2 ¢.c. of hydrochloric acid, 1 ¢.c. of sodium nitrite, and 
1 cc. of dimethylanaphthylamine are successively added. The colored solution is slightly 
turbid but after standing five minutes can be filtered and the clear filtrate used for colorimetric 
comparison. An appropriate standard is prepared at the same time by adding 1 c.c. of a 
standard solution of the sulfonamide to 9 ¢.c. of alcohol and treating this solution as de- 
seribed for the blood filtrate. Color comparison is best made about fifteen or twenty minutes 
after the reagents have been added. Since only 92 per cent of the sulfonamide is recovered 
from blood by this procedure; the final result is divided by 0.92 to obtain the correct concentra- 
tion in blood. Subsequently it was found that if the dimethylanaphthylamine is added about 
three minutes after the sodium nitrite a more intense color is obtained and the recovery 
is practically 100 per cent. 

The accuracy of this method has been checked on pure solutions of sulfonamide, on 
normal urine, and on urines containing sulfonamide to which more sulfonamide has been 
added, and on normal dog and human blood after the addition of sulfonamide. Duplicate 
determinations usually check within 2 or 3 per cent. 

In the rabbit and the human subject, this compound is partly excreted in the urine 
as a conjugated compound which does not give the color reaction directly, owing to a blocking 
of the amino group. The para-aminobenzenesulfonamide can be obtained from this compound 
by hydrolysis with dilute hydrochloric acid. To determine this conjugated compound in urine, 
heat equal volumes (usually 1 ¢.c.) of urine and normal hydrochloric acid in a test tube 
(25 by 200 mm.) covered by a small beaker in boiling water for thirty minutes. The solution 
is cooled and, after the addition of 1 drop of 0.1 per cent phenolphthalein, neutralized with 2 
normal sodium hydroxide. After dilution to appropriate volume, the determination is per- 
formed as described for urine. Samples of urine heated with 1 or 3 normal hydrochloric acid 
for thirty, forty-five and sixty minutes yield identical values for the conjugated compound, and 
subjecting a solution of sulfonamide of known strength to acid hydrolysis results in no loss as 
determined by the colorimetric method. This would indicate that the method is accurate for 
determining the hydrolyzable material in urine. 
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rapid and accurate methods for deter- 
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bacteriologic studies of, of normal individ- 
uals and rheumatic fever patients, 
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cadaver, transfusion of, 763 (Abst.) 
capillary, calcium in, determination of, 857 
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cells, precise silver impregnation method for, 
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red, lipid composition of, direct versus in- 
direct method of estimating, 237 
sickling of, experimental studies of, 311 
white and polymorphonuclear, effect of 
amidopyrin upon, in agranulocytosis, 
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cerebrospinal fluid and its relation to, 111 
B. Rev.) 
chemistry in hookworm anemia, 567 
racer and manic depressive psychosis, 
4 


estimation of, 943 
micromethod for determining, 968 
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added heparin in, 862 
platelets, disintegration of, rate of, 128 
new method of staining, 1093 (Abst.) 
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gregation counts, 547 
red cells, shape of, photographic method for 
visualizing, 1262 
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regeneration, gry nee and, 761 (Abst.) 
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effect of anticoagulant on, 1090 (Abst.) 
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microdetermination of, 966 
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smear, modified Wright’s method for stain- 
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stain, application of, to formalin-fixed tis- 
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hematological, 437 (Abst.) 
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stream, bacteria from, anion of, in defi- 
brinated blood, 
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method for opening, 208 
transfusion and blood groups, 219 (B. Rev.) 
urea in, partition of, 1232 
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volume determinations, note on, 410 
xanthoprotein reaction, value of, in diagnosis 
and prognosis, 825 
Bodansky method for determination of inor- 
—_ phosphate, modification of, 
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and blood of rat, effect of injections of 
liver extract and milk protein on, 
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technique for obtaining, by puncture, |. 
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sternal, eg specimens of, method of ob- 
tain ing, by use of spinal needle, 752 
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Bottles and tubes, culture, simple and inex- 
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Brain antigens, mouse, use of, for diagnosis 
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electric stimulation of, with skull intact, 
quantitative determination of con- 
vulsive reactivity by, 1274 
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papillomas of, 1 
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pressure, 520 
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culture dish with, 1184 
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Coagulation, blood, in newborn infant, 874 
( Abst.) 
Colds, oral immunization to, further studies 


on, 
Colloid — pressure, automatic recording 
pparatus for measuring, 402 


Colloidal ‘iodine, use of, as modification of 
Gram stain, 523 
sulphur, anaphylactoid reactions to, in 


guinea pigs, 1026 
Colorimetric estimation and normal values of 


Complement fixation and flocculation -tests for 

syphilis, modifications in Eagle anti- 

gens for use in, 300 

test, gonococcus, 627 

in bl .» amount of, in rheumatic fever and 
rheumatoid arthritis, 1240 

ence: i relationship of, to hemolysin, 


457 
Congenital thrombocytopenia, 983 (Abst.) 
Conglutination pleural experimental, effect of, 
on heart, 1161 
Congo red, action of, on normal and leucemic 
blood, observations on, 1246 
test ~? amyloidosis, further improved, 


75 

Conjunctival fluid, 436 (Abst.) 

Constitutional conditions mistaken for arthri- 
is which produce skeletal aches and 
pains, differential diagnosis of, 64 

Contagious diseases, common, manual of, 765 


(B. Rev.) 
Convulsive reactivity of brain with skull in- 
tact, quantitative determination of, 
by electricity, 1274 
Copper, effects of, in diet of 140 persons, 356 
Coronary thrombosis and angina pectoris, 
etiolo and nature of,. physiologic 
considerations regarding, 329 
Corpuscle, red bl sedimentation, accuracy 


of new technique for measurement 
of, 510 
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Correspondence, 876 
Cotton, antiseptic dispenser of liquids for 
moistening, 954 
Count, basophilic aggregation, effect of blood 
pressor episodes on, 547 
platelet, differential, 1205 (Abst.) 
Counter, om electrical, of simple device, 


electric, for differentials, homemade, 860 
Creatinuria in scleroderma, 697 
Cresols and phenols added to biologic products, 
Sepeumnreeee of, on standing, 641, 


Flood, routine, 
by, 34 


y, 346 
technic, new and simplified, 846 
dish, individual, with increased carbon diox- 
ide tension, 1184 
fungus, hormone media as basis for, 650 
of surgical maggots, apparatus for, in treat- 
ment of chronic osteomyelitis and 
other suppurative infections, 1055 
tubes and bottles, simple and inexpensive 
device for filling, 84 
Cytologic studies of malignant tumors, 654 
( Abst. ) 


Culture, tularemia diagnosed 


examination of nasal smears, 761 (Abst.) 


D 


Decamethylenediguanidine bitartrate 
coman), study of, 180 

seuraptis ~ iodized, use of, in Gram method, 
3 


(anti- 


Defense mechanism of animal organism, effect 
of certain types of stimuli on, 382 
Defibrinated blood, growth of bacteria from 
blood stream in, 721 
Delafield and Prudden’s textbook of pathology, 
218 (B. Rev.) 
Developer, universal, 101 (Abst.) 
Device, agitating, simple, 203 
for filling culture tubes and bottles, simple 
and inexpensive, 84 
for regulation of gaseous pressures, simple 
inexpensive, 1169 
for shaking blood cell a TT er pipettes, 724 
Dexirose tolerance curves, 437 (Abst.) 
in aged, 1138 
Diabetes, carotenemia in, 545 (Abst.) 
mellitus, daily variations of sugar content 
of blood and urine during treatment, 
1088 (Abst.) 
juvenile, 249 
treatment of, with insoluble insulin com- 
pounds, 1202 (Abst.) 
Diabetic acidosis, treatment of, 1208 (Abst.) 
Diagnosis and treatment of disease, possible 
importance of mediums causing sur- 
face and subsurface growth of path- 
ogenic fungi to, 268 
biopsy, rapid, improved stain for use in, 1175 
differential, between Striimpell-Marie dis- 
ease and osteoarthritis of spine, 19 
of acute rheumatic fever, 26 
of arthritis from standpoint of pathology, 6 
of constitutional conditions mistaken for 
arthritis which produce _ skeletal 
aches and pains, 64 
of gonococcal arthritis, 44 
of periarticular fibrositis and arthritis, 56 
of rheumatoid and osteoarthritis, essential 
features in, 14 
of traumatic arthritis, 30 
of tuberculosis arthritis, 35 
frozen section, new rapid method for, 198 
erey. in trichinosis, 215 (Abst.) 
out and thick” arthritis, 48 
eprosy, ick blood-drop method of, 544 


(Abst. ) 
of liver cirrhosis, Takata-Ara reaction for, 
evaluation of, 532 
of syphilis, rapid flocculation method for, 82 
Diagnostic test for lymphogranuloma ingui- 
— intradermal injection of serum 
323 (Abst.) 


Diashentenben method, acute and _ simple, 


acetone determinations by, 537 


| Diarrhea, infectious, 214 (Abst.) 
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Dick test, 438 (Abst.) 
variability in strength of toxin used for, 
1093 (Abst.) 
Di-ethylene glycol, physiologic action of, 
studies on, 341 
Diet, copper in, effects of, of 140 persons, 356 
effect of, on enteric coated tablets, 918 
influence of, upon action of phenobarbital 
sodium, 1130 
of cabbage, influence of, on quantity of 
— in thyroid gland of rabbit, 


Differential diagnosis between Striimpell-Marie 


19 
of acute rheumatic fever, 26 
of arthritis from standpoint of pathology, 


6 
of constitutional conditions mistaken for 
arthritis which produce skeletal 


aches and pains (arthralgias, neu-. 


ritis, rheumatism), 64 
of gonococcal arthritis, 44 
of periarticular fibrositis and arthritis, 56 
of rheumatoid and osteoarthritis, essential 
features in, 14 
of traumatic arthritis, 30 
of tuberculosis arthritis, 25 


Differentials, homemade electric counter for, ’ 


Digestive tract, hemorrhage in, azotemia fol- 
lowing, 546 (Abst.) 


Digitalis, clinical use of, 327 (B. Rev.) 


diuresis and certain blood serum character- , 


istics, 1237 
effect of, on patients with normal cardio- 
vascular systems, 165 


Diothane solutions, bactericidal and bacterio- 


static properties of, 263 

Diphtheria, immunity against, is lasting ac- 
tive, obtainable with single injection 
of alum-precipitated toxoid, 893 


prophylaxis, immunity following, duration’ 


of, 576 
types of C. diphtheriae in Maryland, 1088 
(Abst. ) d 


Disease, amyloid, idiopathic, of heart, 255 
Bright’s, arteriosclerotic, renal function in, 
1204 (Abst.) 
cholesteroluria in, 1092 (Abst.) 
diagnosis and treatment of, possible impor- 
tance of mediums causing surface 
and subsurface growth of pathogenic 
fungi to, 268 
heart, organic, and lobar pneumonia, 1230 
Hodgkin's, 213 (Abst.) 
Gordon test for, 1207 (Abst.) 
lymphatoid, 983 ( Abst.) 
Diseases, cardiovascular, vitamin B: in, 991. 
common contagious, manual of, 765 (B. Rev.) 
of heart and arteries, synopsis of, 764 (B. 


Rev.) 
of nails, 327 (B. Rev.) 
Dish, individual culture, with increased carbon 
dioxide tension, 1184 
Diuresis, digitalis, and certain blood serum 
characteristics, 1237 
mechanism of, further studies on, with espe- 
cial reference to action of some 
newer diuretics, 767 
Diuretic action of glucophylline, 600 
Diuretics, some newer, further studies on 
mechanism of diuresis with special 
reference to, 767 
Doctor as scholar, 290 
Dog, stomach of, normal emptying time of, 
Fe segs on, using a mixed meal, 


Drop counter, electrical, universal, of simple 
device, 307 
Dye injection method in studies on circulation, 


Dyes for Romanowsky stains, 1264 


Dysentery, amebic, 985 
bacillary, bacteriophage in, 594 
typhoid, Salmonella, and carrier states, bac- 
teriology of, 218 (B. Rev.) 


disease and osteoarthritis of spine, 





E 


Eagle antigens, modifications in, for use in 
complement fixation and flocculation 
tests for syphilis and minor changes 
in technic of these tests, 300 

Editorial, state licensure of medical technolo- 
gists, 1095 

Elastic. belt, supporting, for use in abdominal 
obesity (postural syndrome), 1121 

Electric — for differentials, homemade, 


drop counter, universal, of simple device, 307 
stimulation of brain with skull intact, quan- 
titative determination of convulsive 
reactivity by, 1274 
Electrode potentials, glass, apparatus for 
amplification of, 316 
Electrophoretic mobility of human erythro- 


cytes, 1252 

Electrolytes of gastric juice, 1003 

Emptying time, normal, of stomach of dog, 
observations on, using a mixed meal, 


261 
Encephalitis virus and Friedlinder’s bacillus, 
experiments with, 517 
Endocrinology, recent advances in, 765 (B. 


ev.) 
Enteric coated tablets, effect of diet on, 918 


Eosinophile counts, staining method for nasal 
smears for, 1286 
in stools, trichinosis, report of two cases 


with, 

Epilepsy, snake venom (moccasin) in treat- 
ment of, 572 

Epithelioma of skin, 980 (Abst.) 


Erysipelas, antigenic relationships of hemolytic 
streptococcus exotoxins from differ- 
ent pathologic conditions with spe- 
cial reference to, 490 

Erythroblastosis in newborn, 436 (Abst.) 


Erythrocytes, human, electrophoretic mobility 
of, 1252 


suspension stability of, and various con- 
stituents of pathologic human blood, 
relation between, 546 (Abst.) 
Esters, estrin, hydrolysis of, 1037 


Estrin in urine, chemical diagnosis of preg- 
nancy by detection of, 1037 
Estrogenic substances, quantitative testing of, 
examination of mouse ovaries in 
Aschheim-Zondek test followed by 

castration for, 86 

Ether anesthesia apparatus, simple, for ex- 
perimental animals, 298 

Examination of mouse ovaries in Aschheim- 
Zondek test followed by castration 
for quantitative testing of estrogenic 
substances, 86 

postmortem, complete, . through surgical 
wounds, 87 

Excretion of ferrocyanide in man in relation 
to urea clearance, 654 ( Abst.) 

Exophthalmic goiter and its medical treatment, 

109 (B. Rev.) 

Exotoxins, hemolytic streptococcus, antigenic 
relationships of, with special refer- 
ence to erysipelas, 490 ; 

Experiments on maintenance of mineral 

ensity in skeleton, 221 

Extract, pancreatic, XIV (tissue extract No. 
568), 374 

Extremities, circulation of, effect of intermit- 
tent venous occlusion of, 1260 


F 
Fatty wee to of liver with hypoglycemia, 


Feeding, rectal, prolonged, 1000 


Ferrocyanide, excretion. of, in man in relation 
to urea clearance, 654 (Abst.) 

Fetal respiration, intrauterine, uterine con- 
tractions and maternai respiration, 
simultaneous Semmes of, 1280 

Fever accompanying induced iculocyte crisis 
of pernicious anemia, 155 





































































Fever—Cont’d 
rheumatic, acute, differential diagnosis of, 26 
and rheumatoid arthritis, amount of com- 
plement in blood in, 1240 
bacteriologic studies of blood in, 113 
typhoid, comparative study of oral and sub- 
cutaneous vaccination against, based 
on agglutination titrations, 1216 
rapid slide test for serologic diagnosis of, 
873 (Abst.) 
unduiant, 542 (Abst.) 
due to B. suis, 875 ( Abst.) 
treatment of, by intravenous injection cf 
killed typhoid, paratyphoid A and 
Paratyphoid B bacilli, 654 (Abst.) 
Fibers, reticular latticed, modification of silver 
me method for staining of, 


Fibrositis, periarticular, and arthritis, differ- 
ential diagnosis of, 5 


Filter, Berkefeld and Mandler, note on mantles 


for, 7238 
flask for dispensing filtrates aseptically, 1190 
wrarrisamnie, OT bilirubin in obstructive jaundice, 


Filtrate, ren flask for dispensing aseptically, 


streptococcus, formalized, treatment of rheu- 
matoid arthritis with, 559 
Fixing and staining spermatozoa, simple 
method for, 320 
Flask, aher, F dispensing filtrates aseptically, 


Flocculation method, rapid, for diagnosis of 
syphilis, 82 
tests for syphilis, modifications in Eagle 
antigens for use in, 300 
Flora, intestinal, and carbohydrate intoler- 
ance, 762 (Abst.) 
Fluid and air, aspirator for removing, from 
pleural cavity, 1167 
conjunctival, 436 (Abst.) 
pathologic body, cholesterol partition and 
total protein content of, 1094 (Abst.) 
ventricular, chlorine ion determinations on, 
supplemented with cisternal and 
spinal fluids in comparison with cor- 
responding blood serum, 803 


Fluorine compounds, toxicity of, studies relat- 


ing to, 1133 
Follicular lymphoblastoma, 807 
Food poisoning, outbreak of, probably due to 
Staphylococcus aureus, 805 
Forbus type of autopsy table, inexpensive, 839 
Formalin-fixed tissues, application of blood 
staining to, 325 (Abst.) 
Formalized streptococcus filtrate (toxoid), 
treatment of rheumatoid arthritis 
with, 559 
Forms, laboratory, simple set of, 1176 
Fractional transfusion, 842 
Frei antigen, 871 (Abst.) 
test, lymphogranuloma inzuinale, standard- 
ized mouse brain antigen for, 544 
( Abst.) 
with antigens made from mouse brain, 872 


( Abst.) 
Friedlainder’s bacillus and St. Louis encepha- 
litis virus, experiments with, 517 
Friedman test, difficulties encountered in, and 
new modification using blood serum, 


508 
Frozen — ” ecuniaaes new rapid method 
or, 
of tissue, fresh, stained with polychrome 
methylene blue, method of tempo- 


rarily p , 1204 (Abst.) 
Function, renal. in persons with arteriosclerotic 

Bright’s disease, 1204 (Abst.) 
Fungus cultures, hormone media as basis for, 


650 
Fungi of skin, direct microscopic examination 
of, 979 (Abst.) 
pathogenic, mediums caus surface and 
subsurface growth of possible im- 
portance of, to diagnosis and -treat- 
ment of disease, 268 
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, G 


Gas miask, tight, 1054 
Gaseous pressures, regulation of, simple in- 
expensive device for, 1169 
Gastric achylia, 1003 
motility, effect of, on urinary urea concen- 
tration test and glucose tolerance 


test, 395 
pouch animals, catheter device for care of, 


; 20 

Genitourinary parasitism, numerical determi- 
nation of Trichomonas hominis in 
ing naps its practical implications 


in, 
/'Gland, mammary, action of, upon ovary, 711 
| thyroid, isotransplantation of, in dogs, 553 
‘Glass electrode potentials, apparatus for am- 
plification of, 316 
metabolism cage, improved, for small ani- 


Glomerular efficiency, 102 (Abst.) 
Glomerulonephritis, concentration of plasma 
cholesterol in, 323 (Abst.) 

Glucophylline, diuretic action of, 600 
Glucose, renal threshold for, in man, 437 


( Abst.) 
tolerance test, effect of gastric motility on, 


95 

Glycol, di-ethylene, physiologic action of, 
studies on, 341 

Goiter, exophthalmic, and its medical treat- 
ment, 109 (B. Rev.) 

Gane re differential diagnosis of, 


Gonococcus complement fixation test, 627 

Gordon test for Hodgkin’s disease, 213 (Abst.), 
1207 (Abst.) 

Gout and gouty arthritis, diagnosis of, 48 

Gram method, modification of, 638 

stain, —— eo iodine as modification 

ot, 

Granule, previously undescribed, within 
._lymphocyte, 978 ( Abst.) 

Granulocytopoietic fractions of yellow bone 
marrow, 231 

Granulopenia, experimental, 981 (Abst.) 

Guanidine-like substances in blood, 1147, 1209 

Guide-book in practical obstetrics, 985 (Abst.) 


H 


Harvey lectures, 107 (B. Rev.) 
Heart and arteries, diseases of, synopsis of, 
764 (B. Rev.) 
—, organic, and lobar pneumonia, 


230 
effect on, of Scam pleural conglutina- 


tion, 
failure, congestive, and portal cirrhosis, 
hepatic function in, 321 (Abst.) 
idiopathic amyloid disease of, 255 
rate of small animals, method for determin- 


£, 
Heat sensitivity of meningococcus in vitro 
within range of therapeutic tempera- 


tures, 665 
Hematologic stain, 437 (Abst.) 
standards, normal, 437 (Abst.) 
Hematology, modern physiologic, clinical im- 
——— of, 984 (B. Rev.) 
Hematopoietic equilibrium and emergency 
splenectomy, 323 ( Abst.) 
Hemaglobin and cell content of blood in 
normal women during successive 
menstrual cycles, 104 (Abst.) 
index and jaundice of newborn, 322 (Abst.) 
studies on college women with special refer- 
ence to effect of menstruation, 607 
Hemolysin, quantitative relationship of comple- 
ment to, 457 
Hemolytic streptococcus exotoxins, antigenic 
relationships of, with special refer- 
ence to erysipelas, 490 
precipitins ag ag rheumatoid arthritis 


serums, 
Hemorrhage in digestive tract, azotemia fol- 
lowing, 546 (Abst.) 
Hemorrhagic conditions, effect of moccasin 
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Heparin, effect of added, on calcium determina- 
tions in blood plasma, 862 

Hepatic damage, blood lipid studies in case 
of xanthomatosis associated with, 


893 
function, 321 (Abst.) 
Heterophile antibody, 763 (Abst.) 
Heterophilic antibodies in infectious mononu- 
cleosis, 1091 (Abst.) 
Hinton test for "syphilis, 97 
Hippuric acid elimination as test for liver 
function, 1046 
test for, in disease of liver, clinical value 
of, 216 (Abst.) 
Histidine in urine, test for pregnancy, 1089 


Hodgkin’s disease, 213 (Abst.) 

Gordon test for, 1207 (Abst.) 
Homogeneity, chi-square test of, 417 
Hookworm anemia, blood chemistry in, 567 
Hormone > as basis for fungus cultures, 

prolan, bio-assay of, macroscopic methods 
n, 
Hospitals, scientific method for preparesiee 
of normal physiologic saline solution 
in, 1290 
Human infection with monilia, 584 
Hydrogen ion concentration of blood in pulmo- 


nary tuberculosis, 1201 (Abst.) 
Hydrolysis of estrin esters, 1087 
Hypercalcemia, induced, its possible thera- 


peutic relation to thrombocytopenic 
purpura, 1207 (Abst.) 
Broan alma of kidney, 212 
st. 
Hyperproteinemia due to multiple myeloma, 
detection of, by means of Takata- 
Ara reaction, 425 
Hypertension, arterial, and cardiac output, 
766 (B. Rev.) 
benign and malignant, and nephrosclerosis, 
980 (Abst.) 
blood guanidine in, 1209 
pancreatic extract in treatment of, 374 
paroxysmal, suprarenal tumor with, 1117 
Hypertherm, rectal temperature, continuous 
registration of, during treatments in, 


4 
Hypealvous™ fatty infiltration of liver with, 


insulin-like reactions unrelated to, 249 
Hypothermia in unanesthetized animals, means 
of producing, 1106 
Hypotonic solutions of sodium chloride and of 
plasma, resistance of reticulocytes to, 
217 (Abst.) 


I 


Icteric index, determination of, by acetone 
method, 1192 
Icterus gravis, 982 ( Abst.) 
index in newborn infant, 436 (Abst.) 
Idiopathic amyloid disease of heart, 255 
Immunity against diphtheria, is lasting active, 
obtainable with single injection of 
alum-precipitated toxoid, 893 
ee diphtheria prophylaxis, duration 


tissue, 328 (B. Rev.) 
to staphylococcus toxin in albino rat, study 


of, 1 
Immunization, oral, to colds, further studies 


on, 
Immunologic reaction for lymphogranuloma 
inguinale, 103 ( Abst.) 
Indol in urine, formation of, 399 
Indole and other products of tryptophane 
putrefaction, production of chronic 
arthritis by, 921 
Infections, human, with monilia, 584 
pneumococcic, 213 (Abst.) 
streptococcic, 1305 (Abst.) 
experimental, in rabbits for therapeutic 
investigations, 1097 
tinea, 543 (Abst.) 
Infectious mononucleosis, 1091 (Abst.) 
Inorganic phosphate, modification of Bodansky 
method for determination of, 1287 
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‘Insensible perspiration, determination of, im- 
proved technic for, 412 

Instrument, new, for determination of venous 
pressure by direct method, 94 

Insulin compounds, insoluble, treatment of 
diabetes mellitus with, 1202 (Abst.) 

like reactions unrelated to hypoglycemia, 249 
protamine compound, 762 (Abst.) 

International medical annual, 110 (B. Rev.) 

Intestinal flora and carbohydrate intolerance, 
762 (Abst.) 

‘Intracranial pressure of experimental animals, 
measuring changes in, 639 
Intra-ocular operations, quantitative examina- 
tions of conjunctival fluid in prepara- 

tion for, 436 (Abst.) 

Intrauterine fetai respiration, maternal res- 
piration and uterine contractions, 
simultaneous recording of, 1280 4 

Investigator, laboratory and clinical, statisti- 

cal methods for, 417 
Iodine, blood, 656 (Abst. ) 
estimation of, 972 
colloidal, use of, as modification of Gram 
stain, 523 
determination of, 


1074 
quantity of, in thyroid gland of rabbit and 
influence thereon of diet of cabbage, 


in biological materials, 


270 

tolerance test for Sea ~ 5 eg of thyroid 
function, 212 (Abst.) 
urinary, normal, of man, eit 

Iodized decolorizers, use of, in Gram method, 


638 
waagaieanes: | - vit seri of thyroid glands. in dogs, 
5 


J 


Jar, Varney anaerobic, improvements in, 206 
Jaundice, age pS ‘Aaltrability of bilirubin 
11 
of newborn, 322 (Abst.) 
painless, 978 (Abst.) 
spirochetal, 1203 (Abst.) 
serum diagnosis by precipitation, 1301 


( Abst.) 
‘Juvenile diabetes mellitus, 249 


K 
Kahn test in malaria, 614 


| |Kerridge, rapid method of, for quantitative 


estimation of protein, 89 

hypernephroid carcinoma of, with 

tumor-like thrombus filling inferior 

vena cava and right heart cavities, 
212 (Abst.) 

Kit, diabetic, 865 

'Kline test for syphilis, studies on, 1062 


‘Kidney, 


L 


j 

| Laboratory and clinical investigator, statistical 
methods for, 4 
i 


clinical, oe procedures for, 766 (B. 
diagnosis in trichinosis, 215 (Abst.) 
|! forms, set of, simple, 76 


| investigation ‘of psittacosis, 215 (Abst. ) 
| manual KB, physiological chemistry, 108 (B. 


_ medical, thermocouples for 
menmeacne «  itere  N Trolstic activity of, 


‘Lantern slides, simple and inexpensive method 
of making, 656 (Abst.) | 
| Lead in urine, 758 Sane t.) 
poisoning, 655 (Abst.) 
mod yt as stain for stipple cells, 871 


' Lectures, Harvey, 107 Rev.) 
Leprosy, —_ & bisod-drop. method of diagnosis, 


' Leucemic ‘and yore blood, action of Congo 


observations on, 1246 


rs) 
Leucopenic infectious monocytosis, 1203 
(Abst. ) 
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Leucocytes, rest and activity levels of, in 
health and disease, 874 (Abst.) 
Leucocytic blood picture in active and inac- 
tive tuberculosis, 760 (Abst.) 
Licensure, state, of medical technologists, 
1095 (EB) 
Lipid, blood, studies in case of xanthomatosis 
associated with hepatic damage, 903 
composition of red blood cells, direct versus 
indirect method of estimating, com- 
parison of, 237 
plasma total, oxidative micro-estimation of, 


95 
Lipolytic activity of Lactobacillus acidophilus, 
1183 


Liquids, antiseptic dispenser of, for moisten- 
ing cotton or sponges, 954 
Liver cirrhosis, diagnosis of, evaluation of 
Takata-Ara reaction for, 532 
extract and milk protein, effect ‘of injections 
of, on blood and bone marrow of rat, 


; 503 

5, 6-quinone of dihydroindle-2-carboxylic 
acid in, 896 

fatty infiltration of, with hypoglycemia, 1258 

function, test “2 hippuric acid elimination 


10 
interpretation of abnormal dextrose toler- 
ance curves occurring in toxemia in 
terms of, 437 (Abst.) 

hippuric acid in disease of, clinical value of, 

216 (Abst.) 
pathology of, relation of tyrosinemia to, 

1303 ( Abst.) 
Lobar eT a and inorganic heart disease, 


lung puncture in, 101 (Abst.) 
Lungs, 100 (Abst.) 
puncture in lobar pneumonia, 101 ( Abst.) 
Lymphatoid disease, 983 (Abst.) 
rc mente 983 ( Abst.) 


follicular, 807 
Lymphocyte, granule a. previously un- 
descri 978 (A 
ratio of large to small, in ae poisoning, 655 
Abst.) 


Lymphogranuloma, Frei test with antigens 
made from mouse brains, 872 


(Abst. ) 
inguinale, 103 (Abst.) 
cultivation of virus in mice and its use in 
preparation of Frei antigen, 871 
(Abst. ) 
standardized mouse brain antigen for Frei 
test, 544 (Abst.) 
value of intradermal injection of serum 
as diagnostic test for, 323 (Abst.) 
use of mouse brain antigens for diagnosis of, 
655 (Abst.) 
Lymphoma, malignant, of tonsil, 216 ( Abst.) 


inexpensive improved, 514 


Machine, shaking, 
in cancer problem, 


Macronucleolus, value of, 
100 (Abst.) 

Maggots, surgical, culture of, apparatus for, 
in treatment of chronic osteomyelitis 
and other suppurative infections, 


1055 
Malaria, benign and subtertian, 364 
Kahn test in, 614 
reticulocytes in, réle of, 364 
Malignant lymphoma of _, 216 (Abst.) 
nephrosclerosis, 324 (A 
Mammary gland, action ry ain ovary, 711 
Mandler — — filters, note on mantles 
or , 
Manic depressive psychosis and blood choles- 


terol, 2 

Mantles for 2 ee and Mandler filters, note 
on, 

Manual, laboratory, of physiological chemistry, 
108 (B. Vv.) 


of common contagious diseases, 765 (B. 


v.) 
Marrow, bone, and blood of rat, effect of in- 
jJections of liver extract and milk 
protein on, 503 








SUBJECT INDEX 


Marrow, bone—Cont’d 

changes in, during agranulocytosis, 105 
(Abst. ) 

from animals, simple, practical and sterile 
technique for obtaining, by puncture, 
1080 

in anemia, 1302 (Abst.) 

rapid Rs a for preparing and staining, 

9 


sternal, biopsy specimens of, method of 
——- by use of spinal needle, 


yellow, granulocytopoietic fractions of, 231 
sternal, aspirated during life, 104 {Abst.) 
Mask, gas, tight, 1054 
Maternal respiration, intrauterine fetal respira- 
tion and uterine contractions, simul- 
taneous recording of, 1280 
Mechanism, defense, of animal organism, effect 
of certain types of stimuli on, 382 
of anemia, 439 
Medical annual, international, 110 (B. Rev.) 
laboratory, thermocouples for, 68 
papers, 110 (B. Rev.) 
Medicine, recent advances in, 112 (B. Rev.) 
Mediums. causing surface and _ subsurface 
growth of pathogenic fungi, possible 
importance of, to diagnosis and treat- 
ment of disease, 268 
hormone, as bases for fungus cultures, 650 
Meningitis, meningococcic, 653 (Abst.) 
second attack of, with recovery, 1010 
Meningococcus, heat sensitivity of, in vitro 
within range of therapeutic tempera- 
tures, 665 
meningitis, 653 (Abst.) 
second attack of, with recovery, 1010 
Menstrual cycles, hemoglobin and red cell con- 
tent in normal women during suc- 
cessive, 104 (Abst.) 
Menstruation, hemoglobin studies on college 
women with special reference to 


effect of, 607 
Mesenteric capillaries, living, observations on, 
tracings, basal, 


Metabolic 
aberrant, 815 
Metabolism cage, glass, 
animals, 521 
Metastasis, distant, does aspiration biopsy of 
tumors cause, 1254 
Methylene blue, polychromes, as constituent 
of Romanowsky stains, 736 
Microdetermination, combined, of calcium and 
phosphorus in blood serum, 966 
ne ee oxidative, of plasma total 
p , 9 
Microflocculation test for syphilis, 959 
Micromethod for determining blood cholesterol, 


968 

Microorganisms, visible action of sodium lauryl 
sulphate on, 700 

ania: > and tubes, calibration simplified, 


significance of 


improved, for small 


Microtitrations, apparatus for, 972 
Migraine, acid-base balance of blood in, 877 
Milk, breast, method of preserving, 758 (Abst. ) 
protein and liver extract, effect of injections 
of, on blood and bone marrow of 


ra 
Mineral density in skeleton, experiments on 
maintenance of, 
Moccasin snake venom in hemorrhagic condi- 
tions, 322 (Abst.) 
in treatment of epilepsy, 572 
Moistening cotton or sponges, antiseptic dis- 
penser of liquids for, 954 
Monilia, human infection with, 584 
Moniliasis, pulmonary, 687 
Monocytes in agranulocytosis, 1203 (Abst.) 
Monocytosis, leucopenic infectious, 1203 
(Abst. ) 
Mononucleosis, infectious, 1091 (Abst.) 
Morphine sulphate, toxicity of, and pressor 
episodes, 1125 
variations in, 1031 
Mouse ovaries, examination of, in Aschheim- 
Zondek test followed by castration 
for quantitative testing of estrogenic 
substances, 86 
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vaginal, human, are there cyclic 
changes in, 217 (Abst.) 

Myeloma, multiple, hyperproteinemia due to, 
detection of, by means of Takata- 
Ara reaction, 425 


Mucosa, 


N 


Nails, diseases of, 327 (B. Rev.) 
Nasal as of mice, apparatus for spray- 
ng, 
smear, cytologic examination of, 761 (Abst.) 
marae. ipemnas for, for eosinophile counts, 
12 


Necrosis, adrenalin, after sympathectomy, 377 
Needle, spinal, method of obtaining biopsy 
specimens of sternal bone marrow by 
use of, 752 

Negro, agranulocytosis in, 125 

Nephritis, uranium, xylose tolerance of rabbits 


with, 
Nephrosclerosis and benign and malignant 
hypertension, 980 (Abst.) 
malignant, 324 (Abst.) 
Nesslerization, direct, rapid and accurate meth- 
ods for determination of urea nitro- 
gen in blood and urine by, 1040 
Neuritis, arthralgias, rheumatism, 64 
Newborn, erythroblastosis in, 436 (Abst.) 
hemoglobin index and jaundice of, 322 


(Abst. ) 

icterus index in, 436 (Abst.) 

infectious diarrhea in, epidemic of, 214 
(Abst. ) 

Nitrogen retention, blood guanidine in, 1209 

urea, in blood and urine, rapid and accurate 
methods for determination of, by 
direct nesslerization, 1040 

urine urea, and blood, influence of sodium 
amytal upon, 704 


Oo 
Obesity, abdominal, suaperting elastic belt for 


use in, 112 
Obstetrics, guide-book in, 984 (B. 
ev. 

Occlusion, intermittent venous, of circulation 
of extremities, effect of, 1260 

Oil aspiration pneumonia, 619 

Oral and subcutaneous vaccination against 
typhoid fever, comparative study of, 
ihe on agglutination titrations, 

immunization to colds, further studies on, 


practical, 


Organic nant disease and lobar pneumonia, 


Operations, intra-ocular, quantitative examina- 
tion of conjunctival fluid in prepara- 
tion for, 436 (Abst.) 

Opsonocytophagic test, derivation of index 
number for, 1297 

Osmotic pressure, colloid, automatic recording 
apparatus for measuring, 402 

Osteoarthritis of spine and Striimpell-Marie 
disease, differential diagnosis be- 
tween, 19 

rheumatoid and, differential diagnosis of, 
essential features in, 14 

Osteomyelitis, chronic, culture of surgical mag- 
rer in treatment of, apparatus for, 

Ovary, action of mammary gland upon, 711 


mouse, examination of, in Aschheim-Zondek | 


test followed by castration for quan- 
gt testing of estrogenic sub- 
stanc 86 

Oxidative a nae of plasma total 
lipid, 956 

Oxygen analyzer for use in oxygen tent ther- 
apy, 1082 


P 


Pain, relief of, 219 (B. Rev.) 

Pains and aches, skeletal, constitutional ¢con- 
ditions mistaken for arthritis which 
produce, differential diagnosis of, 64 

Pancreatic ety XIV (tissue extract No. 
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Papers, medical, 110 (B. Rev.) 

Papillomas of breast, 681 

Para-aminobenzenesulfonamide, method of de- 
termination of, in urine and blood, 
1305 (Abst.) 

Paraldehyde and benzyl alcohol, effect of, on 
uterine activity, 477 

Parasitism, genitourinary, numerical determin- 
ation of Trichomonas hominis in 
urine and its practical implications 
in, 646 

Parenteral therapy, 220 (B. Rev.) 

Parotid — human, urea and chlorides in, 

Paroxysmal hypertension, suprarenal tumor 
with, 1117 

Pathogenic fungi, mediums causing surface 
and subsurface growth of, possible 
importance of, to diagnosis and 
treatment of disease, 268 

Pathology, differential diagnosis of arthritis 
from standpoint of, 6 

textbook of, 328 (B. Rev.) 

Delafield ‘and Prudden’ s, 218 (B. ig 
Patient, rheumatic, clinical approach to, 1 
Pentothal anesthesia, factors influencing, 1224 
Peptic wer ot cholesterol in patients 

eile: - constitution and, 624 
Periarticular fibrositis and arthritis, differen- 

tial diagnosis, 56 
Pernicious anemia, fever accompanying in- 
duced reticulocyte crisis of, 155 
Perspiration, insensible, determination of, im- 
proved technic for, 412 
Phenoharbital sodium, influence of diet upon 
action of, 1130 
Phenols and cresols added to bioiogic products, 
disappearance of, on standing, 641, 


876 

Phosphatase activity, serum calcium, inorganic 
phosphorus and, 873 (Abst.) 

Phosphate, inorganic, modification of Bodarisky 
method for determination of, 1287 

Phosphorus and calcium in bl serum, ccm- 
bined microdetermination of, 966 

Paice new van den Bergh ‘reaction 
for determination of serum bilirubin 
utilizing, 729 

Photographic method for visualizing shape of 
red blood cells, 1262 

Photography, 101 (Abst.) 

etait net ig new method of record- 
ing, 1279, 1280 

chemistry, essentials of, 109 (B. Rev.) 
laboratory manual of, 108 (B. Rev.) 

Picrate, silver, treatment of vaginal trich- 
omoniasis, 1155 

Picrotoxin, barbiturate poisoning treated with, 


ieataaass Sy atroune, secretion of saliva 

ec 

Pipettes, = oa Fa device for shak- 
n 


Placenta, chorioangiofibroma of, 899 
Plasma, ‘ascorbic acid content of, 1227 
blood, calcium determinations in, effect of 
added a in, 862 
cholesterol, 323 ( Abst.) 
proteins and red cell sedimentation rate, cor- 
relation between, 99 
total lipid, oxidative micro-estimation of, 


956 
Platelet, blood, new method of staining, 1093 
count, differential, 1205 (Abst.) 
disintegration of, rate of, 128 
Pleural cavity, aspirator for removing fluid 
and air from, 1167 
conglutination, experimental, effect of, on 
hea: 1161 


rt, 
Poison, effects of, toxicology or, 107 (B. Rev.) 
Poisoning, barbiturate, treated with picro- 


xin, 350 
bichloride, acute, 760 (Abst.) 
food, outbreak of, probably due to Staphy- 
ococcus aureus, 
lead, 655 (Abst.) 
modified stain for stipple celis in, 871 


(A 
radium, 105 (Abst.) 
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Poliomyelitis, 435 (Abst.) 
factors of resistance:in, 757 (Abst.) 
prophylactic use of parents’ whole blood, 
1092 (Abst.) 
vaccine treatment of acute anterior, 1094 
( Abst.) 
Pollen content of air in San Diego, California, 


273 
Polychromed methylene blue as constituent 
of Romanowsky stains, 736 
Polyneuritis in alcohol addict, etiologic rela- 
tionship of vitamin B to, 213 (Abst. 
Postmortem examinations, complete, throug 
surgical wounds, 87 
Post-transfusion reactions, minor blood agglu- 
tinins and their relation to, 761 
(Abst. ) 
Postural syndrome, 1121 
Potentials, glass electrode, apparatus for am- 
pl cation of, 
Pouch, gastric, animals, catheter device for 
care of, 209 
Pneumococcus infections, 213 (Abst.) 
Type II pneumonia, dose of antibody for, 
106 (Abst.) 
Pneumonia, 101 (Abst.), 106 (Abst.) 
lobar, and organic heart disease, 1230 
oil aspiration, 619 
type specificity in, and pneumococcic infec- 
tions, 213 (Abst.) 
Precipitins for Streptococcus hemolyticus in 
rheumatoid arthritis serums, 881 
Pregnancy, chemical tests for diagnosis of, 


197 
diagnosis of, by detection of estrin in 
urine, 1037 
test for, histidine in urine, 1089 (Abst.) 
urine, hormones in, new biologic test for, 325 
( Abst.) 
Visscher-Bowman test for, 974 
Preserving breast milk, method of, 758 (Abst.) 
Pressor episodes, blood, effect of, on basophilic 
aggregation counts, 547 
toxicity of morphine sulphate and, 1125 
Pressure, gaseous, regulation ws simple inex- 
pensive device for, 1 
intracranial, of tg ogg animals, meas- 
— changes in, 
loid, akoie recording ap- 
paratus ‘for measuring, 402 
venous, Care for ascertaining, improved, 


osmotic, 


Prolan hormones, bio-assay of, macroscopic 
methods in, 431 
Protein, milk, and liver extract, effect of in- 
jJections of, on blood and bone mar- 
row of rat, 503 
plasma, and red cell sedimentation rate, 
correlation between, 998 
quantitative estimation of, by rapid method 
of Kerridge, 89 
total, content and cholesterol partition of 
pathologic “* fluids, 1094 (Abst.) 
Proteinuria, 763 (Abst.) 
Pruritus vulvae, trichomonas vengnelts vagini- 
tis as cause of, 1302 (Abst.) 
Psittacosis, 


Psychosis, manic depressive, and blood choles- 
rol, 24 
Pulmona moniliasis, 687 
tuberculosis, bacillemia in, 358 
Puncture, june. in lobar pneumonia, 101 


mecenare eg marrow from animals by, 


a = mtg nientigation of, 215 


Purpura, thrombocytopenic, prognostic venom 
reaction in, 982 (Abst.) 


Putrefaction, tryptophane, indole and other 
products of, production of chronic 
arthritis by, 921 
Q 


Quantitative determination of convulsive reac- 
vity by electric stimulation of brain 

with skull intact, 1274 
of urobilinogen in urine, method for, 1277 


estimation of protein by rapid method of 
Kerridge, 89 


. 
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Quantitative—Cont’d 
relationship of complement to hemolysin: 
its direct application in serodiagnosis 
of syphilis, 457 
testing of estrogenic substances, examination 
of mouse ovaries in Aschheim-Zondek 
test followed by castration for, 86 
Quantity of iodine in thyroid gland of rabbit 
and influence thereon of diet of cab- 
bage, 270 


R 


Rabbit, thyroid gland of, quantity of iodine 
in, and influence thereon of diet of 
cabbage, 270 
xylose — of, with uranium nephritis, 
17 


Rack, sectional test tube, 
Radiosensitivity of Fare My 1091 (Abst. ) 
Radium poisoning, 105 (Abst.) 
Reaction, anaphylactoid, to colloidal sulphur 
in guinea pigs, 1026 
Bernoulli, 943 
blood ee value of, in diagnosis 
d prognosis, 825 
insulin-like, unrelated to hypoglycemia, 249 
post-transfusion, minor blood agglutinins and 
their relation to, 761 (Abst.) 
skin test, practical method of measuring 
and recording, 187 
Takata-Ara, detection of hyperproteinemia 
due to multiple myeloma by means 


of, 425 
for — of liver cirrhosis, evaluation 
ot, 
van den Bergh, new, for determining serum 
bilirubin utilizing photelometer, 729 
Wassermann, 546 (Abst.) 
Recording physiologic activities, new method 
of, 1279, 1280 
Rectal bleeding in convalescent ulcerative coli- 
tis, control of, 896 
feeding, prolonged, 1000 
temperature, continuous registration of, dur- 
ing treatments in hypertherm, 848 
Red blood corpuscle sedimentation, accuracy 
of new technic for measuring of, 510 
cell sedimentation in pulmonary tuberculosis, 
1201 (Abst.) 
rate in plasma proteins, correlation be- 
tween, 
values for normal men and women, 756 
(Abs 


cells and plasma, ascorbic acid content of, 


lipid composition of, direct versus indirect 
meee of estimating, comparison 
ot, 
shape of, photographic method for visual- 
izing, 1262 
sickling of, experimental studies of, 311 
values for, of average infants and chil- 
dren, 872 (Abst.) 
Congo, action of, on normal and leucemic 
blood, observations on, 1246 
test for amyloidosis, further improved, 975 
Regulation of gaseous pressures, simple inex- 
pensive device for, 1169 
Relief of pain, 219 (B. Rev.) 
Renal carcinoma, 214 (Abst.) 
function, 654 (Abst.) 
in persons with “oy v9 ead Bright’s 
aisease, 1204 (Abst.) 
threshold for glucose, 437 (Abst.) 
tuberculosis, 543 (Abst. 
Research workers, statistical methods for, 766 


(B. v.) 
Resistance, ha ca of, in poliomyelitis, 757 
( Abst.) 


Respiration, maternal, intrauterine fetal res- 
piration and uterine contraction, si- 
multaneous recording of, 1280 

in small animals, 127 9 

tticed fibers, modification of silver 
impregnation method for staining of, 


1284 
esc amtamete. - resistance of, to hypotonic solu- 
of sodium chloride and of 
plasma, 217 ( Abst.) 


réle of, in malaria, 364 
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Reticulocytosis, guinea pig, effect of anti- 
pernicious anemia substances upon, 
925 
Rheumatic fever, acute, differential diagnosis 
of, 2 
and rheumatoid arthritis, amount of com- 
plement iri blood in, 1230 
patients, bacteriologic studies of blood of, 
18 


1 
patient, clinical approach to, 1 
Rheumatism, arthralgias, neuritis, 64 
control of, British activities for, 12 
Rheumatoid and osteoarthritis, differential 
diagnosis of, essential features in, 14 
arthritis aan rheumatic fever, amount of 
complement in blood in, 1240 
serums, precipitins for Streptococcus hemo- 
lyticus in, 881 
trentimnnt of, with hg streptococcus 
filtrate (toxoid),’ 5 
Rickets, relation of, to pL 819 
Roentgenographic technique, 108 (B. Rev.) 
Roentgenoiogy, textbook of, 112 (B. Rev.) 
Romanowsky stains, acetone solvents for, 524 
dyes for, 1264 
polychromed methylene blue as constitu- 
ent of, 73 
Rooms, air-conditioned, value of, in treatment 
of seasonal ‘and perennial asthma, 


147 
Rouleau formation, 581 


Ss 


St. Louis encephalitis virus and Friedlinder’s 
bacillus, experiments with, 517 
Saline solution, normal physiologic, scientific 
method for preparation of, in hos- 
pitals, 1290 
Saliva, human parotid, urea and chlorides in, 
67 


traces of, cell group identification of, 191 
Salivary secretion test in peptic ulcer patients 
and normal subjects, 624 
Salmonella, typhoid, dysentery and carrier 

states, bacteriology of, 218 (B. Rev.) 
Salpingitis, acute, and acute appendicitis, blood 
sedimentation in differentiation, 104 


(Abst. ) 
San oe, ee pollen content of air of, 


Scholar, doctor as, 290 
‘Scleroderma, creatinuria in, 697 
Second attack of meningococcic meningitis 
with recovery, 1010 
Sedimentation, blood, 104 (Abst.) 
effect of anticoagulant on, 1090 (Abst.) 
rate and cell count, correlation between, in 
diagnosis of whooping cough, 756 
(Abst. ) 
in experimental anemia (rabbit), 786 
red blood corpuscle, accuracy of new technic 
for measurement of, 510 
cell, ie x eaeeaenbe tuberculosis, 1201 
bst . 
rate, and plasma visas atte correlation 
between, 998 ‘ 
time, 546 (Abst.) 
Semen stains, suspected, examination of, for 
spermatozoa, 117 
Serodiagnosis of syphilis,’ practical value of 
employing more than one laboratory 
procedure in, 184 
quantibities relationship “of complement to 
hemolysin in, 457 
Serologic ho gran of typhoid fever, 
slide test for, 873 (Abst.) 
reactions, specificity ‘of, 111 (B. Rev.) 
Serum bilirubin, determination of, new van 
den Bergh reaction for, utilizing 
photelometer, 729 
blood, calcium and. phosphorus in, combined 
microdetermination of, 66 ; 
certain ine digitalis diuresis — 
an 
modification of Friedman test using, 508 
vitamin D in, 544 (Abst.) 
calcium, inorganic phosphorus and phospha- : 
_ tase activity, 873 
cholesterol in patients with peptic ulcer, 780 ' 


rapid 
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Serum—Cont’d ’ 
human, inhibition of bacteriophage phenom- 
enon by, 284 
intradermal injection of, as diagnostic test 
for lymphogranuloma inguinale, 323 
( Abst.) 
rheumatoid arthritis, precipitins for Strep- 
tococcus hemolyticus in, 881 
therapy, relation of sputum typing to, 324 
( Abst.) 
Shaking machine, inexpensive improved, 514 
Sickling of red blood cells, experimental studies 
of, 311 
Silver impregnation method for staining of 
reticular latticed fibers, modification 
of, 1284 A 
precise, for blood cells, 294 
picrate — of vaginal trichomoniasis, 


Skeletal aches and pains, constitutional condi- 
tions mistaken for arthritis which 
produce, differential diagnosis of, 64 

Skeleton, mineral density in, experiments on 
maintenance of, 221 

Skin, epithelioma of, 980 (Abst.) 

f irect microscopic examination of 
979 (Abst.) 

test reactions, practical method of measuring 
and recording, 187 

Slides, lantern, simple and inexpensive method 
of making, 656 (Abst.) 

Smear, blood, modified Wrignt’s method for 
staining, 1201 (Abst.) 

nasal, cytologic examination of, 761 (Abst.) 
mare” uae for, for eosinophile counts, 


Smoke, cigaret, 341 
vermis tracings, permanent, preparing, 


Snake venom, moccasin, in hemorrhagic con-. 
itions, 322 (Abst. 
in treatment of epilepsy, 572 
Sodium = l, influence of, on blood and 
ne urea nitrogen, 704 
Serrodyaniiee as clinical test for glomerular 
efficiency, 102 (Abst. 
lauryl sulphate, visible action of, on micro- 
organisms, 700 
Solaris, albuminuria, 246 
Solutions, diothane, bactericidal and bacterio- 
static properties of, 263 
Solvents, acetone, for Romanowsky stains, 524 
Specificity, of serological reactions, 111 (B. 


ev. 
Specimens, biopsy, of sternal bone marrow, 
method of obtaining, by use of spinal 
needle, 752 

Spermatozoa, examination of suspected semen 

stains for, 1173 
fixing and staining, simple method for, 320 
Spinal needle, method of obtaining biopsy 
specimens of sternal bone marrow - 

by use of, 752 
Spine, ootenarthiitia of, and Sitrtimpell-Marie 
disease, differential diagnosis be- 


tween, 19 
Spirocheta pallida, rapid staining method for, 
in single sections, 325 (Abst.) 
Spirochetal jaundice, 1203 (Abst.) 
casas yo <a by precipitation, 1301 


Splenectomy, blood picture after, in children, 
872 (Abst.) 

emergency, hematopoietic equilibrium and, 
323 (Abst. 


antiseptic dispenser of liquids for 
moistening, 954 

Sporotrichosis among violinists, 708 

Spraying nasal passages of mice, apparatus 


or, 
Sprue, 546 (Abst.) : 
Sputum typing, 324 (Ape) 
tain, contrast, for Trichomonas vaginalis, 
980 (Abs st.) 
for stipple cells in. lead: holgoning: 871 


A 
for urinary casts, 853 
Gram, modification of, 638 
use « Caen iodine as modification of, 
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Stain—Cont’d 
aaeares, oF use in rapid biopsy diagnosis, 


Romanowsky, acetone solvents for, 524 
dyes for, 1 
polychromed methylene blue as constitu- 
ent of, 736 
semen, suspected, examination of, for sperm- 
atozoa, 1173 
Staining and fixing spermatozoa, simple 
method for, 320 
blood platelets, new method for, 1093 (Abst.) 
smears, modified Wright’s method for, 
1201 (Abst.) 
bone marrow, rapid methods for, 949 
method for ‘nasal smear for eosinophile 
counts, 1286 
rapid, for Spirocheta whey in single tis- 
sue sections, 325 (Abst.) 
reticular latticed fibers, on of 
silver impregnation method for, 1284 


Staphylococcus aureus, outbreak “; food poi- 


soning probably due to, 
State weer we of medical nen he. A 1005 


( 

Statistical methods for laboratory and clinical 
investigator, 417 

for research workers, 766 (B. Rev.) 

Sternal bone marrow, biopsy specimens of, 
method of obtaining, by use of spinal 
needle, 752 

Stipple a2 for, in lead poisoning, 871 


Stomach of dog, normal emptying time of, 
ee on, using a mixed meal, 

Stone in urinary tract, 219 (B. Rev.) 

Stools, emulsions of, of patients with polio- 
myelitis, toxicity of organs of ani- 
—_ dying after injections of, 435 


eosinophiles in, trichinosis, report of two 
cases with. 
occult blood in, of newborn, 875 (Abst.) 
Streptococcus filtrate formalized (toxoid), 
treatment of rheumatoid arthritis 


th, 
hemolytic, exotoxins, patigenie relationships 
of, —, em jal reference to ery- 


precip tba he in rheumatoid arthritis 
serums, 
infections, 1305 (Abst.) 
experimental, in rabbits for therapeutic 
investigations, 1097 
toxin, =r to, in albino rat, study of, 


Striimpell-Marie disease and osteoarthritis of 
spine, differential diagnosis between, 


1 
Studies, experimental, of sickling of red blood 


cells, 31 
in bacteriophage, 284 
Subcutaneous and oral vaccination ens 
typhoid fever, comparative stud 
soeee on agglutination titra Bony 
Subsurface growths of B. tuberculosis in solid 
culture media, 322 
Sugar content of blood and urine, daily varia- 
tion of, during yoann of diabetes 
mellitus, 1088" (A 
urine, new method = _, RY 981 
(Abst.) 


Sumner method for, criticism on, 1195 
Sulphate, sodium lauryl, visible action of, on 
microorganisms, 700 
Sulphur, ——. anaphylactoid reactions to, 
in guinea pigs, 
Sumner — for urine sugar, criticism on, 


ouererene’, meee. Maes paroxysmal hyperten- 

on, 

Surgical maggots, culture of, apparatus for, 
in treatment of chronic osteomyelitis 
and other suppurative infections, 


1055 
wounds, complete postmortem examinations 
through, 87 





Sympathectomy, adrenalin necrosis after, 377 
Sympathetic factors in thermotherapy, /96 
Synopsis of diseases of heart and arteries, 
764 (B. Rev.) 
Syphilis, complement fixation and flocculation 
tests for, modifications in Eagle anti- 
gens for use in,’ 300 
vanane ~, quantitative Wassermann tests 
jfagnosis of, 1208 (Abst.) 
diagnosis, of, rapid flocculation method for, 


simple centrifugation method for, 1186 
Hinton test for, 97 
Kline test for, studies on, 1062 
microflocculation test for, 
serodiagnosis of, practical value of employ- 
ing more 7 one laboratory pro- 
cedure in 
quantitative OR of complement to 
hemolysin in, 45 
Syringes clotted with blood, simple and rapid 
method for opening, 208 


T 


Table, autopsy, Forbus type, inexpensive, 839 
Tablets, enteric coated, effect of diet on, 91f8 


Takata-Ara reaction, detection of hyperpro- 
teinemia due to multiple myeloma by 

means of, 425 
for mene of liver cirrhosis, evaluation 


532 
Eee i, medical, state licensure of, 1095 


(E 
Temperature, rectal, continuous registration 
ot during treatment in hypertherm, 


therapeutic, heat sensitivity of meningococ- 
cus in vitro within range of, 665 
visceral, in intact and unanesthetized ani- 


mal, 
Tent, 7m, therapy, oxygen analyzer for 
se in, 
Test, autourine, in diagnosis of tuberculosis, 
1304 ‘Abst. ) 


chi-square, of homogeneity, 417 
Congo red, for amyloidosis, further im- 


prov 
diagnostic, for lymphogranuloma inguinale, 
intradermal injection of serum as, 


Dick, 438 (Abst.) 
variability in = — of toxin used for, 


for cveaiation time, use of calcium glu- 
conate as, 1206 (Abst.) 
for wae function, hippuric acid elimination 


1046 
for pregnancy, histidine in urine, 1089 


(Abst. 
Frei, 544 (Abst.) 
with antigens made from mouse.brain, 872 
Friedman, difficulties encountered in, and 
new modification using blood serum, 


508 
glucose tolerance, effect of eset motility 
on, 
gonococcus complement fixation, 
Gordon, ws of tae s disease, sis (Abst. ), 
s 
Hinton, yo Tor Soehtile. 9T 
Kahn, ‘in malaria, tie 
Kline, for syphilis, studies on, 1062 
microflocculation, for syphilis, 959 
opson “ee — of index num- 
rapid slide, for serologic diagnosis of typhoid 
fever, 873 (Abst.) 
tube rack, Sietional 204 
urinary urea concentration, effect of gastric 
motility on, 395 
Visscher-Bowman, ‘for pre ancy, 974 
Tests, ey for syphilis, modifications 
in Eagle bmn ge for use in, 
chemical, for diagnosis of paceneney. 1197 
Textbook of pathology, 328 (B Vv.) 
Delafield and Prudden’ 8, 218 ait Rev.) 
of roentgenology, 1 oni rv.) 
Therapy, papers ARs 220 (B. Rev.) 
Thermocouples for medical laboratory, 68 
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Thermoregulation among viscera with descrip- 
tion of means of producing hypo- 
thermia in unanesthetized animals, 


1106 
Thermotherapy, sympathetic factors in, 796 
Thrombocytopenia, congenital, 983 (Abst.) 
Thrombocytopenic purpura, possible thera- 
peutic relation of induced hypercal- 
cemia to, 1207 (Abst. 
prognostic venom reaction in, 982 (Abst.) 
Thrombosis, coronary, and angina pectoris, 
etiolo and nature of, physiologic 
considerations regarding, 329 
Thymus ye primary carcinoma of, 151 
Thyroid, 764 (B. Rev. 
function, 212 (Abst.) 
gland, isotransplantation of, in dogs, 553 
of rabbit, quantity of iodine in, and in- 
fluence thereon of diet of cabbage, 


Time, normal emptying, of stomach of dog, 
observations on, using a mixed meal, 


261 
Tinea pinnetkitsi 543 (Abst.) 
Tissue, 325 (Abst.) 
formalin-fixed, application of blood staining 
to, 325 (Abst.) 
fresh frozen sections stained with poly- 
chrome methylene blue, method of 
temporarily preserving, 1204 (Abst.) 
immunity, 328 (B. Rev.) 
Tolerance, dextrose, in aged, 1138 
Tonsil, malignant lymphoma of, 216 (Abst.) 
Toxin, staphylococcus, immunity to, in albino 
rat, study of, 1141 
used for Dick test,  gaueead in strength 


of, 1083 (Abst. 
Toxicity of “fluorine ais studies relat- 
ing to, 1133 


of mere ne sulphate and pressor episodes, 


1125 
variations in, 1031 Y 
Toxicology, or effects of poison, 107 (B. Rev.) 


Toxoid, alum-precipitated, is lasting active im- 
munity against diphtheria obtain- 
able with single injection of, 893 
treatment of rheumatoid arthritis with 
formalized streptococcus filtrate, 559 
basal metabolic, significance of 
aberrant, 815 
smoked-paper, permanent, preparing, 506 


Transfusion and blood groups, 219 (B. Rev.) 
fractional, 842 
of cadaver blood, 763 (Abst.) 


Traumatic arthritis, differential diagnosis, 30 


Trichinosis, 215 (Abst.) 
incidence of, in San Francisco, 545 (Abst.) 
report of two cases with eosinophiles in 
stools, 484 
Trichomonas, culture of, 1302 (Abst.) 
hominis in urine, numerical determination 
of, and its practical implications in 
genitourinary parasitism, 646 
vaginalis, contrast stain for, 980 (Abst.) 
vaginitis, 103 (Abst.) 
Trichomoniasis, vaginal, 
ment of, 1155 
Tryptophane putrefaction, indole and other 
products of, production of chronic 
arthritis by. 1 
Tubercle bacilli, 1301 (Abst.) 


Tuberculosis, active and inactive, leucocytic 
blood picture in, 760 (Abst.) 

arthritis, differential diagnosis of, 35 

autourine test in diagnosis of, 1304 (Abst.) 

bacillus, subsurface growths in solid culture 
media, 322 (Abst.) 

a ee count in, compared 
with sedimentation rate and leuco- 
cytic index, 1304 (Abst.) 

pulmonary, bacillemia in, 358 

renal, 543 (Abst.) 

Tubes and bottles, culture, filles. and inex- 
pensive device for fillin: 

and micropipettes, calibration "iigttied, 718 

test, sectional rack for, 204 


Tularemia rs by routine blood culture, 


Tracings, 


silver picrate treat- 
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Tumor, saeetion biopsy of, does it cause dis- 
nt me 
malignant, oa a Cc studies of, 654 (Abst.) 
radiosensitivity of, Abst.) 
ati | ~ with ‘apenromant hypertension, 


Typhoid endotoxoid vetetrs, roduction and 
persistence of H a O agglutinins 
and chatgiainent-Oxiae bodies in 
sons inoculated with, 1207 (Abs Sa 
oral and subcutaneous vaccination 
against, comparative study of, based 
on agglutination titrations, 6 
rapid slide test for serologic diagnosis of, 
873 (Abst.) 
Salmonella, dysentery and carrier states, 
bacteriology of, 218 (B. Rev.) 
Typing sputum, reliability of, and relation to 
serum therapy, 324 (Abst.) 
Tyrosinase-tyrosine mixture, oral administra- 
tion of, response ‘of case of perni- 
cious anemia to, 892 
Tyrosinemia and its relation to pathology of 
liver, 1303 (Abst.) 


fever, 


U 
Uleer, peptic, serum cholesterol in patients 
with, 780 
studies on constitution and, 624 
pease animals, hypothermia in, 


eans of producing, 1106 
Undulant ‘fever, 542 (Abst.), 654 (Abst.) 
due to B. suis, 875 (Abst.) 


Universal developer, 101 (Abst.) 
Uranium nephritis, xylose tolerance of rabbits 


Urea and ggnlorides in human parotid saliva, 


clearance, excretion of ferrocyanide in man, 

in relation to, 654 (Abst.) 

in blood, partition of, 1232 

nitrogen’ in blood and urine, rapid and ac- 

curate methods for determination of, 
by direct nesslerization, 1040 
urinary, concentration test, effect of gastric 

‘motility on, 

nitrogen, and _ blood, 

sodium amytal upon, 

Urinary casts, stain for, 

chlorides, 1207 (Abst.) 

iodine, normal, of man, 1014 

tract, stone in, 219 (B. Rev.) 

urea’ concentration test, effect of gastric 
motility on, 

Urine and blood, a content, daily varia- 
tion of, during — of diabetes 
mellitus, 1088 a it.) 

urea nitrogen ‘in, rapid pene accurate. meth- 

ods for determination of, by direct 
nesslerization, 

blood in, chemical demonstration of small 
amounts in 

estrin in, chemical diagnosis of pregnancy 
y detection of, 1037 

histidine in, test for gremeancy. 1089 (Abst.) 

indol in, formation of, 399 

lead in, 758 (Abst.) 

para-aminobenzenesulfonamide in, method 
of determination of, 1305 (Abst.) 

boty hormones in, new biologic test 
for, 325 (Abst.) 

sugar . method for determining, 981 


urine, influence of 


) 
Sumner method for, criticistn on, 1195 
Trichomonas hominis in, numerical deter- 
mination of, and its practical impli- 
cations in genitourinary parasitism, 


urea eg oe and blood, influence of sodium 
mytal upon, 704 
usciditanean in, ona sy for quantitative de- 
termination of, 7 


Urobilinogen in urine, cnt al for quantitative 
determination of, 1277 


Uterine activity, effect of paraldehyde and 
benzyl! alcohol on, 477 
contraction, intrauterine fetal respiration 
and maternal respiration, simultane- 
ous recording of, 
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Vaccination, oral and subcutaneous, against 
typhoid fever, comparative study o 
based on agglutination titrations, 


1216 
with BCG, effect of, in infancy and child- 
hood, 435 
Vaccine treatment of acute anterior poliomye- 
litis, 
typhoid endotoxoid, production and persist- 
ence of H and -O agglutinins and 
complement-fixing bodies in persons 
inoculated with, 1207 (Abst.) 
Vaginal mucosa, ———. are there cyclic 
changes in, 
trichomonias Ss, ar picrate treatment of, 


Vaginitis, trichomonas, 103: ( Abst.) 

Valvular cecostomy in dog, technic for per- 
forming, 

Van den Bergh reaction, new, for determina- 
tion of serum bilirubin utilizing 
photelometer, 729 

Variations in blood cholesterol of man over 
time period, 

Varney anaerobic jar, improvements in, 206 


Venom reaction in thrombocytopenic purpura, 
982 (Abst,) 
snake, — in hemorrhage conditions, 


in treatment of epilepsy, 572 
Venous occlusion, intermittent, effect of, of 
circulation of extremities, 1260 
pressure, capsule for ascertaining, improved, 


new instrument for determination of, by 
direct method, 94 
Ventricular fluids, chlorine ion determinations 
on, supplemented with cisternal and 
spinal fluids in comparison with cor- 
responding blood serum, 803 
Violinists, sporotrichosis among, 708 


, Virus, 
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esthetized animal, 466 
Vines test for pregnancy, experi- 
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Visualizing ‘shape of red blood cells, photo- 
¢ method for, 

Vitamin B, 
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Viscera, 
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B: in cardiovascular diseases, 
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D in blood serum, 544 (Abst.) 
Volume, blood, determinations, 410 
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Wassermann reaction, 546 (Abst.* 
tests, quantitative, in diagnosis of congeni- 
tal syphilis, by aed eat) 
Whooping cough, 756 (A 
Wounds, surgical, Pe vet postmortem ex- 
aminations through, 87 
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Xanthomatosis, blood lipid studies in case of, 
associated with hepatic damage, 903 

Xanthoprotein, blood, reaction, value of, in 
diagnosis and prognosis, 825 

Xylose tolerance of rabbits with uranium 
nephritis, 117 
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